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LECTURE    XXXVH- 


Or   THE    CoFERNfCAN   SysTEM. 


HAVING  fhewn  you  the  appearances  of  the 
heavenly  bodies  as  fcen  from  the  earth,  it 
will  be  now  proper  to  Ihew  you  why  the  motions 
of  the  planets  appear  to  us  fo  different  from  what 
they  really  3crc,  One  of  the.cnds  tbr  which  man  was 
'prmcd^  is  to  correiif  appearances  and  error  by  the 
vtftigation  of  truth  ;  whoever  conliders  him  at-, 
niively  from  infancy  to  manhood,  and  from  man* 
to  old  age,  will  find  him  ever  bufy  in  endea- 
iiring  to  find  fome  reality  to  fupply  the  place  of 
Dfc  falfe  appearances,  by  which  he  has  hitherto 
en  deceived.  Thus,  it  is  the  bufinefs  of  the  pre^* 
Jcnt  Ledure,  to  correct  the  errors  that  arife  trom 
irances  in  the  heavens,  and  to  prove  the  truth 
Vol,  IV.  B  of 
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of  the  CGpernican  SyJIem,  which  is  now  gencrall] 
received,  becauic  it  rationally  accounts  for,  and  K* 
cords  with  the  phenomena  of  the  heavens.  I 
this  fyftem,  the  fun  is  placed  in  the  center,  an 
the  earth  and  other  planets  revolve,  round  himi 
their  center. 

There  are,  however,  ftrong  reafons   for  be 
lieving    that    fome   of    the    fages    of   antiquit 
were     acquainted    with     the     true    folar    fyfta 
as    revived   by  Copernicus.     It   was  the   univei 
fal   doctrine   of  the   Pythagorean  fchool,    and  i 
clearly  marked  out  as  fuch  by  Ariftotle  :  for  thcfi 
fa>she,  aflcrt  that  fire  is  in  the  midft  of  the  world 
and  that  the  earVh  is  one  of  the  heavenly  bodie 
He  afterwards  fpcaks  of  a  fet  of  men,  who  held 
fyllem.  eflcntially   fmiilar  to  that  of  the  moder 
Semitychonic.     Eudemus,  in  his  hiftory  of  albno 
nomy,  as  cited  by  Anatolius,  fays,  that  Anaximan 
der  was  the  firft  whodifcovcred  the  earth  to  be  on 
of  the  heavenly  bodies,  and  to  move  round  the  cen 
ter  of  the  world.   Arilhirchus  held  that  the  earth  i 
carried  round  the  fun,  in  the  circumference  of 
circle,  of  which  the  fun  itfelf  is  the  center;  an 
that  the  fphere  of  the   fixed  (tars  is  fo  immenii 
that  the  circle  of  the  earth's  annual  orbit  bears 
greater   proportion  to  it,  than  the  center  of  i 
fphere  bears  to  it's  whole  furfacc.     Philolaus,  a 
others,  declared    the    motion   of  the  fun,    rou 
about  the  earth,  to  be  only  apparent.     They  ii 
and  felt  the  importance  of  his  globe  over  our 
and  fuppoling  it's   influence   to  extend  to   mu 
larger  bounds  than  that  of  the  earth,  tfiey  plac 
it  in  the  center  of  the  univerfe.     Among  the  R 
mans,  we  find  that  Numa  built  a  temple  to  repn 
fent,    as    Plutarch    interprets    it,*    the  fyiiem  | 
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the  heavens,  with   a   facrcd   fire    in  the  center 
of  itl 

Thus  alfo  in  the  Jewilh  tabernacle,  the  feven 
lights  had  a  reference  to  the  feven  chief  lights  of 
the  heavens.  Hence  alfo  the  heavens  are  called 
in  facrcd  writ  the  tabernacle  of  the  fun;  the  whole 
of  our  fyftem  dwelling  within  his  influence.  The 
foregoing  citations  are,  we  prefume,  fufficient  to 
fliew  that  the  ancients  were  not  ignorant  of  the  true 
folar  fyftem. 

But  ftill  it  was  no  general  pcrfuafion,  nor  does 
it  fecm  ever  to  have  been  mentioned  after  the. 
time  of  Ptolemy^  who  adopted  that  fyftem  which 
now  goes  under  his  name  ;  his  fyftem,  though  er- 
roneous, was  ingenious;  with  it  the  world  was  con- 
tent for  many  ages.  It  was  then  confidered  as 
founded  upon  invincible  demonftration ;  as  a  fa- 
cred  u-uth  that  could  not  be  weakened  by  the 
powers  of  controverfy,or  fliaken  by  the  fluduations 
of  opinion. 

*«  But  at  the  appointed  time  when  it  pleafed 
the  SUPREME  DISPENSER  of  good  gifts  to  rcftorc 
light  to  a  bewildered  world,  and  more  particularly 
to  manifcft  his  wifdom  in  the  (implicity  as  well  as 
the  grandeur  of  his  works,  he  opened  the  fcenc 
w  ith  a  revival  of  found  aftronomy.* 

This  obfervation  of  the  prefident  of  the  Royal 
Society i  is  well  worthy  your  attention  ;  it  will  open 
your  views  of  Divine  Providence,  which  is  a  to- 
pic that  9ughc  to  be  fet  in  every  pofTible  light 
that  can  nuke  it  either  more  clearly,  or  more  ge- 
nerally undcrftood*  If  you  look  through  the  his- 
tory of  part  agc»  from  the  early  pcriodi  of  the  paf- 
^  B  2  toral 
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toral  and  patriarchal  life,  you  will  fee  arts  and  fci- 
ences  progreffively  advancing ;  fometimes  indeed 
buried  for  along  interOal,  but'  again'  reviving  with 
new  fplendor.  You  fee  philofophy  and  religion 
advancing,  and  though  fometimes  deformed  by 
ytt/)<fr/?/7/«?»,  and  unnatural  fyftems  of  atbeifm^  yet 
fucceffivcly  recovered  from  the  dreams  of  the  en- 
thufiaft,  and  the  fubtlety  of  the  atheift.  If  you  fee 
fceptifm  and  infidelity  making  frequent  attacks 
upon  facred  truths,  you  may  reft  fatisfied  that  thefc. 
attempts  will* indue  time,  magnify  it's  power,  in- 
<rcafe  it's  honors,  and  advance' ifs  triumphs. 

There  is  no  man  but  what,  with  refped:  to  the 
arts  and  improvements  of  life,  looks  back  with 
pity  on  paft.  times,  compared  with  his  own ;  and 
philofophy  never  extended  the  province  of  human 
knowledge  fo  far  and  wide  as  within  the  laft  cen- 
tury. It  is  thus  alfo  with  divine  knowledge  ;  this 
has  had  the  fame  gradation  and  order  of  progref- 
fion,  riatnrc  and  laWy  type  ;\ndJ/jiidozv,  xht/ubjiance 
zr\A  the  archetype  ;{)nt  kingdom  of  God  is  ftill 
advancing,  and  the  evidences  of  his  adminiftration 
and  attributes  ftill  opcniTig  ;•  ^ery  thing  evinces 
that  a  grand  defign  has  been  carrying  on  from  the 
earlieft  account  of  hiftory  by  a  remarkable  courfe 
of  Providence,  for  the  benclit  of  the  whole  human 
race. 

Cod  pervades  infinity,  and  fees  through  eter- 
nity ;  he  fees  the  child  not  only  as  ftruggling  with 
cries  and  trars,  but  he  fees  in  the  c  hild  the  advan* 
cingand  full  grown  man.  While  we  fee  partially 
and  therefore  imperfectly  the  fmgle  and  uncon- 
nected, or  perhaps  only  the  low  eft  link  of  the  ex- 
tended and  univcrfal  chain  of  being  ;  God  ices  the 
T\holc  and  every  part  in  their  origin,  their  connec- 
tion, their  progrcfKon,  and  confiunmation. 

From   the  fall  to  the  prefent  day,  God  has 
Acr  our  happinefs,  in  the  only  way 


On  Astrokomv.  5 

proper  to  difplay  his  goodnefs,  and  make  us  fen- 
lible  of  his  mercies.  He  adminiftprs  his  bleflings 
as  we  are  able  to  bear  them  ;  he  is  the  fountain  of 
eternal  good,  but  we  arc  not  fo  capable  of  receiv- 
ing as  he  is  of  communicating.  As  our  powers 
are  enlarged,  and  our  nature  refinedi  our  pleafures 
will  improve,  and  our  happinefs  advance.* 

The  univerfe  is.  the  llage  and  thc?itre  of  God, 
carrying  on  the  whole,  and  every  part  from  greater 
to  lefs  perfedlion,  and  drawing  in  juft  proportion 
all  the  creatures  to  himfelf.  Almighty  goodnefs 
neither  flumbers  nor  fleeps,  but  is  ever  labouring 
to  advance  our  ftate  ;  wc  are  firll  brought  into 
life,  from  life  advance  to  reafon,  from  re^op  to 
virtue,  virtue  to  grace,-  and  grace  to  glory. 

It  is  divine  love  that  through  eternity  isjdraw- 
ing  order  from  confufion,  railing  harmony  from 
feeming  difcord,  building  ftrength  on  we^knefs, 
and  happinefs  on  the  mifery  of  it/s  creatures. 
Love,  eternal  love,  fhines  in  the  rudeft  as  in  the 
gayeft,  in  the  darkeft  as  in  the  brightcft  fcenes  of 
nature,  in  the  dill  fmall  voice  ^s  in  the  thunder  of 

B  3  almighty 

♦  "The  means  which  God  vouchfafes  toc»nploy  for  the  per- 
fect overthrow  of  the  Devil's  kingdom,  arc  not  fuch  a$hc  might 
be  expe6ied  to  put  in  ufe,  if  his  omnipotence  were  alone  re* 
gardcd  ;  but  they  are/uch  a$  arc  confident  with  the  free  agency 
of  man,  and  (uch  as  are  adapted  to  the  nature  of  man  as  4  ra- 
tional and  moral  agent ;  and  adapted  to  the  juflicc,  and  wifdom, 
and  mercy  of  God  in  his  dealings  with  fuch  a  creature." — **  Ho 
abftains  therefore  from  all  fummary,  abrupt,  coercive  meafures^ 
and  he  emptoys  no  other  means  than  thofcof  perfuafion  and  ar- 
gument, invitation,  and  threatening.  It  is  very  obvious,  that 
ages  muft  elapfc  before  thefe  means  can  produce  their  full  cffcft  ; 
that  the  progrcfsof  the  work  will  not  only  be  gradual,  but  liable 
to  temporary  interruptions;  infomuch,  that  it  may  at  times 
fcem  to  go  backward  as  often  as  particular  circnmdanccs  in  the 
affairs  of  the  world  draw  away  the  attention  df  men  frona  the 
doftrine  of  the  gofpel,  or  roufe  an  extraordinary  oppofition  of 
-•    •        '^'^nn  to  it's  precepts."     Bp.   HorUey's  Scrmoa  for  the 
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almighty  power;  in  the  tempeft  as  in  the  calm, 
in  the  horrors  of  winter  as  in  the  bloom  of  fpring 
or  plenty  of  autumn.  Love,  fupreme  love^  is  inftr 
nite  and  inexhauftible,  and  we  only  queftion  the 
means  becaufc  we  fee  not  the  end  ^nd  confumma- 
tion  of  it's  operations.* 

Such  are  2ifew  of  the  conclufions  that  may  be 
deduced  from  a  view  of  the  advancement  of  art$ 
and  fcience,  and  which  we  have  been  led  naturally 
to  conlider  from  feeing  the  long  period  that  elap- 
fed  ere  the  Copernican  fyftem  was  eftabliftied  ;  and 
there  is  abundant  reafon  to  prcfume,  that  the  pro- 
grcffion  bbfervable  and  carried  on  from  the  begin- 
ning of  time,  will  dill  hold  on,  and  know  no  othef 
bounds  than  the  fulncfs  of  the  Godhead. 


Summary  View^of  the  Solar  System. 

I  Ihall  now  proceed  to  give  you  a  fummary 
view  of  the  folar  fyftem,  or  that  which  was  revived 
and  drawn  from  oblivion  by  NICF^oLAs  Copernicus, 
about  the  year  15CX).  It  is  called  the  folar  Jyftem\ 
bccaufe  the  fun  is  fuppofed  to  be  fixed  in  the  cen- 
ter, V  ith  cur  earth,  and  fcvcriil  bodies  fimilar  there- 
to, revolving  round  him  at  different  diftances. 

1  he  planets  ^rc  thofe  bodies  within  our  fyftem 
that  revolve  round  the  fun  ;  they  appear  bright  by 
refleding  the  light  they  receive  from  the  fun,  and 
are  divided  by  aflronomers  into  three  kinds,  pri^ 
mary  planets //econdary  planet s,  and  comets. 

The  primary  planets  are  thofc  bodies  which  in 
revolving  round  the  fun  refptcl  him  only  as  the 
center  of  their  tourfes,  the  motions  of  which  arc 
r.gularly  performed  in  tracks  or  paths  that  are 

found 

♦  Hunter's  Sermons  on  Divine  Providence. 
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faand  to  %e  nearly  circular  and  concentric  to  each 
other. 

A  JiCMiary  planet^  commonly  called  a  JateU 
lite  or  mwm^  is  a  body,  which«  while  it  is  carried 
round  the  fun,  does  alfo  revolve  round  a  primary 
planetj  which  it  refpeds  as  a  center. 

Qmets  arc  bodies,  which  are  alfo  fuppofed  to 
revolve  round  the  fun;  the  planets  appear /)^r»7^- 
nent  in  the  fyftem,  but  comets  only  occur  accident 
tally:  they  are  named  comets  from  their  being 
•  ufually  attended  with  long  tails,  fancied  by  fome  to 
refemble  hair.  The  theory  of  their  motions 
amounts  at  prefent  to  little  better  than  rude  co^- 
jeSlure. 

The  path  defcribed  by  a  planet  in  it's  motion 
round  the  fun,  is  called  it's  orbit. 

In  fpeaking  of  orbits,  nothing  more  is  meant 
than  an  imaginary  circle  defining  the  path  they 
dcfcribe,  and  in  which  they  are  retained  by  a  ce- 
leftial  but  continuous  mechanifm. 

There  are  feven  primary  planets  ufually  reck- 
oned in  order  from  the  fun;  their  names  and 
marks  are, 

McrcDiy.     Venui.     The  Earth.     Man.    Jupiter.     Saturn.'   Ceorgium  Sidui. 

?     9      e     c?    ^     b       ^ 

Mars,  Jupiter,  Saturn,  and  the  Georgium  Si- 
dus,  arc  cdXltd/uper tor  planets,  becaufe  their  orbits 
include  that  of  the  earth. 

Venus  and  Mercury  are  called  inferior  plaiwts, 
becaufe  their  orbits  are  contained  within  the 
earth's. 

By  the  afliftanceof  ttXt^coip^s  fccondary  planets 
have  been  difcovered  ;  the  Earth  is  attended  by 
one,  Jupiter  by  four^  Saturn  by  fcvcn,  and  the 
Georgiiun  Sidus  by  two. 

This  diagram  (/>/.  i,  jS^g".  i,  Aftrommy,)  rcpre- 
B  4  fents 


•«  Lectures  on  Natural  Fhilcsofht*; 

fents  the  folar  fyftem,  O.  in  the  center  riprtfeMB 
the  fun,  AB  the  circle  defcribed  by  Mercury  in 
moving  round  the  fun,  (GD^thdtm-^hich  Venus 
moves,  FG  the'  orbit  of  t)ie  •earth;  .^H,K  that  of 
Mars,  I N  that  of  Jupiter,  0.]P  the  J)ath  of  Saturn, 
Q  R  the  orbit  of  the  Georgium  Sidus. 

Every  primary  planet  is  fuppofed  to  have  two 
motions,  i.  the  annual ;  2.  the  diurnah 

The  ANNUAL  MOTION. of  a.planet  is  that  where- 
by it  is  carried  in  it's  orbit  round  the  fun,  which 
in  every  one  is  found  to  be  in  the  fame  diredtion 
from  weft  to  eaft.  • 

This  motion,  as  you  h^vejfeen^  is  difcovered 
by  the  planets  changing  their  places  in  the  celef- 
tial  fphere,  where  they  appear  to  move  among  the 
fixed  liars ;  and  in  certain  times  to  return  to  the 
fame  ftars  from  which  they  were  feen  to  depart, 
and  fo  on  continually. 

The  diurnal  motion  of  a  planet  is  that  by 
which  it  turns  or  j^ins  about  it's  axis  ;  this  like 
their  annual  motion  is  from  wejl  to  eajl. 

This  motion  is  difcovered  by  the  fpots  that 
are  feen  by  telefcopes  on  the  furface  of  the  pla- 
nets; before  the  difcovery  of  telefcopes,  it  was 
not  fufpeded  that  the  planets  had  a  rotatory 
motion. 

By  continued  obfervation,  the  fpedator  finds 
that  thefe  fpcts  change  their  places,  and  move  from 
one  fide  of  the  planet  to  the  other ;  then  difappear 
for  a  certain  fpace  of  time;  after  which,  they 
again,  for  a  while,  become  vifible  on  the  fide 
where  they  were  firlr  feen,  always  continuing  the 
fame  motion  nearly  in  an  uniform  manner.  The 
difiancc  betwccen  the  fpots  grow  wider  as  they  ad- 
vance from  the  edge  towards  the  middle  of  the  pla- 
net, and  then  grows  narrow  again  as  they  pafs  from 
the  middle  to  the  other  edge.  The  time  they  are 
feen  on  the  planet's  dilk,  is  fomewhat  lefs  than  the 

time 
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time  of  their  difappearance  ;  they  arc  firft  feen  on 
the  eallern  margin  of  the  planet,  and  difappcar  pn 
the  weftern  fide  or  limb. 

From  thefe  circumftances  it  is  concluded,  firft, 
that  thefe  fpots  adhere  to  the  body  of  she  planet ; 
and  fecondly,  that  each-  planet  is  a  globe  turning 
€Xi  it's  axis. ' 

-It  may  not  be  improper  to  obferve  to  you,  that 
the  axis  of  a  planet  is  only  an  imaginary  line  con* 
ceived  to  be  drawn  through  it's  center,  and  about 
which  it  i5  conceived  to  turn  in  the  courfe  of  it's 
revolution  round  the  fun.  A  ball  whirled  from  the 
hand  in  the  open  air,  turns  round  upon  a  line 
within  itfelf,  while  it  is  moving  forward  ;  fuch  a 
line  as  this  is  meant  when  we  fpeak  of  the  axis  of 
a.  planet. 
.  ^  The  fun  and  moon,  the  ftars  and  planets,  ap-> 
pear  to  be  all  at  an  equal  diftanccfrom  us ;  though 
it  is  highly  probable,  that  fome  of  the  ftars  are 
many  millions  of.  times  nearer  to  us'  than  others^ 
The  fun  is  dcmonftrated  to  be  nearer  than  any  of 
the  ftars.  The  moon  and  fome  of  the  planets  are 
known  by  ocular  proof  to  be  nearer  to  us  than  the 
fun,  becaufe  they  fometimes  come  between  it  -and 
our  eye,  and  hide  the  whole,  or  a  great  part  of  His 
difk  from  our  vicv.-.  They  all,  however,  appear 
equally  diftant,  and  as  if  placed  in  the  fur  face  of  a 
fphere,  whereof  our  eye  is  the  center.  In  whatever 
place,  therefore,  a  fpcdlator  refides,  w  hether  it  be 
on  this  earth,  in  the  fun,  or  irrthe  regions  of  Sa- 
t^irn^  he  will  confider  that  place  as  the  center  of 
the  world  ;  for  it  will  be  to  him  the  center  of  a 
ipherical  furface,  in  which  all  diftant  bodies  appear 
to  be  placed;  for  while  he  remains  in  the  fame 
place,  he  cannot  judge  properly  of  the  diftance  of 
liirrounding  objects,  at  leaft  of  thofe  which  arc 
placed  beyond  the  ordinary  reach  of  his  view  ;  for 
beyond  that  diftance  all  the  principles  by  which 
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we  form  our  general  judgment  fail  us,  and  we  can 
only  tell  which  is  ncareft,  or  that  which  is  furtheft, 
by  our  own  motion^  or  that  of  the  obje*fls. 

To  illuftrate  this,  left  us  fuppofc  a  number  of 
lamps  to  be  placed  irregularly  at  different  diftances 
from  the  eye  in  a  dark  night.  Now,  if  in  this  cafe 
we  fuppofe  the  darknefs  to  be  fo  complete  that  no 
intermediate  objeds  can  be  feen,  no  difference  in 
colour  obferved,  nor  any  perception  of  a  conver- 
gence toward  the  point  of  fight,  our  judgment 
could  not  affift  us  in  diftinguilhing  the  diftancc 
of  one  from  the  other ;  they  would  therefore  all 
feem  to  be  at  an  equal  diftance  from  the  fpec- 
tator. 

Each  planet  is  obferved  to  pafs  through  the 
conftellations,  Aries,  Taurus,  Gemini,  Cancer,  Leo, 
Virgo,  Libra,  Scorpio,  Sagittarius,  Capricornus, 
Aquarius^  Pi/ces  ;  and  it  alfo  appears,  that  every 
OHt  has  a  track  peculiar  to  itfelf,  and  that  they 
never  move  out  of  a  certain  fpacc  or  zone  of  the 
heavens,  which  is  called  the  zodiac. 

By  obferving  the  planets  in  their  periodic  re- 
volutions among  the  fixed  ftars,  it  is  found  that  the* 
paths  of  the  planets  are  not  all  in  the  fame  plane, 
but  they  crofs  each  other  in  difltrent  parts  of  the 
heaverii.  As  they  thus  move  in  planes  that  arc 
differently  inclined  to  each  other,  it  became  ne- 
ceffary  to  refer  them  all  to  one  plane,  in  order  both 
to  judge  more  accurately  of  their  inclination,  and 
to  avoid  the  intricacies  of  calculation  5  this  plane 
thus  became  a  fiandard,  and  was  confidered  as 
"having  no  obliquity;  all  the  reft  arc  referred  there- 
to. For  this  purpofc  aftronomers  have  fixed  upon 
the  ecliptic  or  orbit  of  ihc  earth. 

The  plane  of  the  ecliptic  is  fuppofcd  to.  divide 
the  celeftial  fpherc  into  two  equal  parts,  called  the 
mribern  aud Joutl^crn  cclcjlial  bemifpheres  ;  and  any 
body  in  cither  oi'  thcfc  hemifphercs,  is  laid  to  have 

north 
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nonh  or  fouth  latitude,  according  to  the  hcmi- 
fphere  it  is  in.  The  latitude  of  a  celeftial  objcd: 
is  it's  neareft  diftance  from  the  ecliptic  taken  on 
the  fphere. 

The  planets  arc  obferved  to  be  fonnetimes 
on  the  northern  and  fometimes  on  the  fouthern 
fide  of  the  ecliptic,  fo  that  their  refpedive  planes 
icut  the  ecliptic  in  two  oppoiite  points  called  nodes; 
or,  in  other  words,  the  nodes  of  a  planet's  orbit  arc 
the  two  points  where  it  interfcdls  the  ecliptic. 
Thus,  let  A  B  C  D^fig.  3,  pL  3,  reprcfcnt  the  eclip- 
tic>  B  £  D  F  the  orbit  of  a  planet,  the  points  B  and 
D  are  the  two  nodes. 

One  is  called  the  ajcending  node,  and  is  ufu- 
ally  marked  thus  gj  ;  it  is  that  through  which  the 
planet  paffes  when  it  moves  out  of  the  fouthern 
into  the  northern  hemifphere.  The  other  node 
through  which  the  planet  palFes  in  going  out  of  the 
northern  into  the  fouthern  hcmifpherc,  is  called 
ithe  defcending  node,  marked  thus  ?5. 

During  therefore  every  revolution,  each  pla- 
net mull  defcribe  half  it's  orbit  above  the  plane 
of  the  ecliptic,  the  other  half  below.  They  have 
therefore  a  north  latitude,  while  they  defcribe  one 
half  of  their  orbit;  and  a  fouth  latitude,  while 
they  defcribe  the  other  half. 

The  fevcral  orbits  do  not  crofs  the  ecliptic  at 
the  fame  point,  or  with  the  fame  angles  ;  their 
nodes  arc  at  different  parts  of  the  ecliptic. 

A  right  line  joining  the  two  nodes  of  any  pla- 
,net,  is  called  the  line  of  the  nodes. 

The  line  of  the  nodes  paffes  through  the  fun, 
for  as  the  motion  of  every  planet  is  in  a  plane  paf- 
fiiig  through  the  fun,  confcqucnily  the  interfedtion 
of  thefe  planes,  that  is,  the  line  of  the  nodes,  mull 
alfo  pafs  through  the  fun. 

You  may  rentier  the  inclination  of  the  planet's 
orbits  to  each  other  faaiiliar  to  your  mind,  by  tak- 
ing 
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ing  as  many  hoops  as  there  are  planets,  with  a  virc 
thruft  through  each,  and  thereby  joined  to  that 
hoop  which  reprefents  the  ecliptic,  and  you  may 
then  fct  the  other  hoops  more  or  lefs  obliquely  to 
the  reprefentative  of  the  ecliptic. 

I  before  mentioned  to  you  that  the  planets  rc- 
Tolvcd  round  the  fun  in  orbits  nearly  circular  and 
concentric,  for  their  fcvcral  phenomena  ftiew  that 
they  are  not  ftridly  fo.  And  aftronomers  have 
found,  that  the  only  curve  they  can  move  in  to  re- 
concile all  the  various  appearances  is  an  ellipjis^  fo 
that  the  orbits  of  the  primary  planets  are  ellipfcs  of 
different  curvatures,  having  one  common  focus  in 
which  the  fun  is  fixed  ;  but  every  fecondary  planet 
refpeds  the  primary  planet,  round  which  it  revolves 
as  the  focus  of  it's  elliptic  motion. 

Todefcribc  an  ellipfis^  let  a  thread,  tied  toge- 
ther at  both  ends,  be  put  over  two  pins  fixed  up- 
right upon  a  plane,  at  any  diftance  from  each  other 
kfs  than  the  firing  thus  tied  will  reach,  a  pen  car- 
ried round  within  the  firing  fo  as  to  keep  it  always 
ftretched  out  with  the  fame  tenfion,  will  defcribe 
upon  the  plane  a  curve,  which  is  the  periphery  or 
circumference  of  an  ellipfis.  Either  of  the  points 
S,N,  fig.  4,  pL  3,  where  the  pins  are  fixed  in  the 
plane,  is  called  the  focus  of  the  ellipfis.  The  fur- 
ther the  foci  are  from  one  another,  the  more  ob- 
long will  the  ellipfis  defcribcd  with  the  thread  be. 
The  nearer  the  foci  are  to  each  other,  the  nearer 
will  the  ellipfis  be  to  a  circle. 

A  line  PA,  fi^.  4,  p!.  3,  drawn  through  the 
foci  both  ways  till  it  reaches  the  circumference,  is 
called  the  axis,  and  the  greater  axis  or  longeft  dia- 
iTiCtcr.  A  point  C  taken  in  this  line  equally  dif- 
tant  from  either  of  the  foci,  is  called  the  center  of 
the  ellipfis.  A  line  T  V  drav^n  through  the  center 
perpendicular  to  the  longeft  diameter,  till  it  reaches 

the 
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the  circumference  both  ways,  is  called  the  kfler 
axis,  or  fborteft  diameter.  The  diftance  between 
the  center  and  either  of  the  foci,  C  N  or  C  S,  is  the 
ewrentricity  of  the  eHipfis,  which  is  greater  or  lefs, 
as  the  ellipfis  is  more  or  left  oblong. 

Thcorbit  of  every  planet  is  an  ellipfis^  having 
the  fun  in  one  of  it's  foci.  The  axis  PA  of  any 
planet's  ellipfis,  is  called  the  line  of  the  apfides; 
the  point  A,  where  the  planet  is  at  it's  greateft 
diftance  from  the  fun,  is  it's  aphelion,  or  higher 
aplis  ;  the  point  P  where  it  is  at  it's  leaft  dillance 
from  the  fun,  it's  perihelion,  or  lower  apfis ;  the  ex- 
treme points  of  the  Ihortcll  diameter  T  V  arc  the 
places  of  it's  middle  or  mean  diftance  from  the 
fim.  A  line  S  T  or  S  V  drawn  from  either  of  thofe 
points  to  the  fun,  is  the  line  of  it's  mean  diftance. 
lo  eftimate  theexcemricity  of  any  planet,  wcfup- 
pofe  the  line  of  it's  mean  diftance  S  T  to  be  di- 
Yided  into  ijooo  equal  parts,  and  fay  the  excentri* 
city  is  fuch  a  number  of  ihofe  parts. 

The  motion  of  the  planets  in  their  orbits  i« 
not  equable;  butevery  planet  obferves  this  rule,  that 
a  line  drawn  from  the  lun  to  the  planet  fvveeps 
equal  areas  upon  the  plane  of  it's  ellipfis  in  equal 
times  ;  there  tore  every  planet  moves  fwifrcft  in  it's 
perihelion,  or  ftoweft  in  it's  aphelion,  with  a  middle 
or  mean  motion  at  it's  mean  dillancc. 

Thus  in  the  figure,  A  is  the  place  of  tlie  aphe- 
lion, P  xh^^  place  of  the  perihelion,  PA  the  line  of 
apfidcs,  PA  is  the  tranfvcrfc  diameter  of  the  cllip, 
fes,  T  V  the  conjugate  diameicr. 

The  mean  aijhince  of  a  planet  from  the  fun,  i$ 
it's  diftance  from  him  whtin  rhc  planet  is  at  cither 
extremity  of  the  conjiioaic  diameter,  and  is  c^j^ual 
to  half  the  tranfvcrfc  diameter. 

When  two  planets  arc  fccn  rr^cther  in  the 
fame  fign  equally  advanced,  they  aic  faid  to  be  m 

con'm 
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conjunFlion  /  but  when  they  are  in  diredl  pppofite 
parts  of  the  zodiac^  they  are  faid  to  be  in  op^ 
fojition. 

The  place  that  any  planet  appears  to  occupy 
in  the  celeftial  hemifphere,  when  feen  by  an  ob- 
ferver  fuppofed  to  be  placed  in  the  fun,  is  called 
it's  heliocentric  place,  it's  heliocentric  latitude, 
&c. 

The  place  it  occupies  when  fcen  from  the  earth, 
is  called  it's  geocentric  place,  &c. 

A  motion  in  the  heavens  in  the  order  of  the 
iigns,  as  from  Aries  to  Taurus,  &c.  is  faid  to  be  in 
confequentia,  and  fuch  are  the  real  motions  of  all 
the  planets,  though  their  apparent  motions  arc 
fometimes  contrary,  and  then  they  arc  faid  to  move 
in  antecedent ia. 

The  points  where  the  celeftial  equator  cuts 
the  ecliptic  dre  found  to  have  a  motion  in  antece* 
dentia  of  about  fifty  feconds  every  year.  This 
change  of  place  of  the  firft  point  of  the  ecliptic, 
from  whence  the  (igns  arc  counted,  occafions  a 
like  change  in  the  Iigns  themfelves,  which,  though 
fcarce  fenlible  for  a  few  years,  has  now  become 
very  confiderable.  Thus,  lince  the  time  that  af- 
tronomy  was  cultivated  by  the  Greeks,  that  is, 
about  2000  years  ago,  the  firft  point  of  the  eclip- 
tic is  removed  backward  about  a  whole  fign  ;  and 
though  it  was  then  about  the  middle  of  the  con- 
ftellation  Aries,  it  is  now  about  the  middle  of 
Pifces.  Nbtwithftanding  this  alteration,  the  figns 
ftill  retain  their  ancient  names  and  marks. 

The  longitude  of  a  phenomenon  in  the  hea- 
vens is  the  number  of  degrees  counted  from  the 
firft  point  of  Aries  on  the  ecliptic,  to  the  place 
where  a  circle  of  latitude  drawn  through  tho  phe- 
nomenon WO!  4.1  cut  the  ecliptic  at  right  angles. 

Thus  every  phenomenon  in  the  heavens  is  re-, 
ftrred  to  the  <fr///>//V  by  the  circles  of  latitude,  as 
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the  longicudes  of  tcrreftrial  places  are  referred  to 
the  equator  by  the  meridians  ;  and  whatever  figa 
the  circle  of  latitude  pafles  through,  the  phenonie- 
QOQ  i3  iaid  to  have  it's  place  in  that  fign. 

Of  the  Figure  and  Light  of  the  Pianets. 

That  the  fun  ahd  planets  are  fpberical  bodies^ 
is  evident  from  all  the  obfervations  that  have  been 
made  on  them ;  and  that  the  earth  is  of  the  fame 
figure,  is  not  only  deduciblefrom  analogy,  but  it  is 
alfo  proved  by  obfervation,  as  I  Ihall  Ihew  in  the 
procefs  of  thefe  LeQurcs.  Aftronomers,  when  they 
fay  that  the  planets  are  fphcrical  bodies,  do  not 
•mean  a  geometrical  fphere,  but  a  figure  called  an 
oblate  fpberoid^  which  is  fomething  like  the  figure 
that  a  flexible  fphcre  would  be  formed  into  by 
gently  prefTmg  it  at  it's  pole?.  Obfervations  have 
determined  this  in  Jupiter,  and  it  is  known  that 
the  earth  is  of  this  figure,  both  from  obfcrvation 
and  a(flual  mcnfuration. 

That  ihe  planets  are  all  opake^  or  dark  bodies^ 
and  coiifequcntly  (bine  only  by  the  light  they  re- 
ceive from  the  fun,  is  plain,  becaufe  they  are  not 
vifible  when  they  are  in  f«ch  parts  of  their  orbits 
as  are  between  the  fun  and  earth,  that  is,  when 
their  illuminated  fide  is  turned  from  us. 

The  fun  enlightens  only  half  a  planet  at  once ; 
the  illuminated  hemifpherc  is  always  that  which 
is  turned  towards  the  fun,  the  other  hcmifphere  of 
the  planet  is  dark.  To  fpcak  \\  ith  accuracy,  the 
fun  being  larger  than  any  ot  the  planets,  will  il- 
luminate rather  more  than  half;  but  this  differ- 
ence, on  account  of  the  great  dillance  of  the  fun 
from  any  of  the  planets,  is  fo  fmall,  that  i?s  light 
may  be  confidcred  as  coming  to  them  in  lines  phy- 
sically parallel. 

Like 
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Like  other  opake  bodies,  they  caft  a  Ihadow 
behind  them,  which  is  always  oppofite  to  the  fun. 
The  line  in  the  planet's  body,  which  diftinguilhcs 
the  lucid  from  theobfcure  part,  appears  fometimes 
ftrait,  fometimes  crooked.  The  convex  part  of 
the  curve  is  fometimes  towards  the  fplcndid>  and 
the  concave  towards  that  which  is  obfcurc;  and 
vice  verfa^  according  to  the  fituation  of  the  eye 
with  refpcft  to  the  planet^  and  of  the  fun  which 
enlightens  the  planet. 

Of  the  Sun. 

The  fun  is  the  center  of  the  fyllem,  round 
which  the  reft  of  the  planets  revolve.  It  is  the 
firft  and  greatelt  object:  of  aftronomical  knowledge, 
and  is  alone  enoligh  to  (lamp  a  value  on  the  fciencc 
to  which  the  ftudy  of  it  belongs.  'The  fun  is  the 
parent  of  the  fcafons ;  day  and  night,  fummer  and 
winter,  are  among  it's  furprifing  effects.  All  the 
vegetable  creation  arc  the  offspring  of  it's  beams*; 
our  own  lives  are  fupported  by  it's  influence.  Na- 
ture revives,  and  puts  on  a  new  face,  when  it  ap- 
proaches nearer  to  us  in  fpring ;  and  finks  into  a 
temporary  death  at  his  departure  from  us  in  the 
winter. 

Hence  it  was  with  propriety  called  by  the 
ancients  cor  ccfliy  the  heart  of  heaven  ;  for  as  the 
heart  is  the  center  of  the  animal  fyflcm,  io  is  the 
fun  the  center  of  our  univerfe.  As  the  heart  is  the 
fountain  of  the  blood,  and  the  center  of  heat  and 
motion;  fo  is  the  fun  the  life  and  heat  of  the 
world,  and  firlV  mover  of  the  mundane  fyftem. 
When  the  heart  c cafes  to  beat,  the  circuit  of  life  is 
at  an  end  ;  and  if  rhe  fun  ihould  ceafc  to  adl,  a  total 
ilagnation  would  tukc  pirice  throughout  the  whole 
frame  of  nature. 

"  By 
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"  By  his  magnetic  beam  he  gently  warms 
The  univerfe,  and  to  each  inward  part. 
With  gentle  penetration,  though  unfeen. 
Shoots  invifible  virtue/' 

The  fun  is  placed  near  the  center  of  the  orbits 
of  all  the  planets,  and  turns  round  his  axis  in  25  i 
days.  It  is  inclined  to  the  ecliptic  in  an  angle  of 
eight  degrees.  His  apparent  diameter,  at  a  mean 
diftancc  from  the  earth,  is  about  thirty-two  mi- 
nutes, twelve  feconds. 

Thofe  who  are  not  accuftomed  to  aftronomi- 
cal  calculation,  will  be  furprized  at  the  real  mag- 
nitude of  this  luminary ;  which,  on  account  of  it's 
diftance  from  us,  appears  to  the  eye  not  much 
larger  than  the  moon,  which  is  only  an  attendant 
on  our  earth.  When  looking  at  the  fun,  you  are 
viewing  a  globe,  whofe  diameter  is  above  890,000 
Englilh  miles ;  whereas  the  earth  is  not  more  in 
diameter  than  7970  miles  :  fo  that  the  fun  is  about 
1,392,500  times  bigger  than  the  earth.  As  it  is 
the  fountain  of  light  and  heat  to  all  the  planets,  fo 
it  alfo  far  furpafles  them  in  it's  bulk.  In  propor- 
tion as  fcience  has  advanced,  and  more  accurate  in- 
Itruments  have  been  made,  the  magnitude  of  this 
luminary  has  been  found  to  exceed  conliderably  the 
limits  of  former  calculations. 

If  the  fun  were  every  where  equally  bright, 
his  rotation  on  his  axis  would  not  be  perceptible  ; 
but  by  means  of  the  fpots,  which  arc  vifiblc  on  his 
pure  and  lucid  furfacc,  we  are  cniiblcd  to  difcovcr 
this  motion. 

When  a  fphcrical  body  is  near  enough  to  ap- 
pear of  it's  true  figure,  this  appearance  is  owing  to 
the  Ihading  upon  the  dificrcnt  parts  of  it's  furface: 
for  as  a  flat  circular  piece  of  ba  >- 

perly  fliaded  by  painting  wilH^ 
body ;  fo  a  fphcrical    body    \ 
Vol.  IV\  C 
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{hape,  for  the  fame  rcafon  that  the  plane  boards  la 
the  prefent  inllance,  appears  fphcrical.  But  if  the 
fphere  be  at  a  great  dillancc,  this  difference  of 
fliading  cannot  be  difcerncd  by  the  eye,  and  con- 
fequcntly  the  fphere  will  no  longer  appear  of  it*« 
true  Ihape,  the  (hading  is  then  loft,  and  it  fecms 
like  a  flat  circle. 

It  is  thus  with  the  fun;  it  appears  to  us  like  a 
bright  flat  circle,  which  flat  circle  is  termed  the 
fun's  dijh.  By  the  afliftance  of  telefcopes,  dark  fpotj 
have  been  obferved  on  this  di(k,  and  found  to  have 
a  motion  from  eaft  to  weft;  their  velocity  is  greater 
when  they  are  at  the  center,  than  when  they  arc 
near  the  limb.  They  are  feen  firft  on  the  eaftera 
extremity,  by  degrees  they  come  forwards  towards 
the  middle,  and  fo  pafs  on  till  they  reach  the  wef- 
tern  edge;  they  then  difappear;  and  after  they 
have  lain  hid  about  the  fome  time  that  they  conti- 
nued vilible,  they  will  appear  again  as  at  firft.  By 
this  motion  we  difcover  not  only  the  time  the  fun 
employs  in  turning  round  his  axis,  but  alfo  the  in- 
clination of  it's  axis  to  the  plane  of  the  ecliptic* 

The  page  of  hiftory  informs  us,  that  there  have 
been  periods,  when  the  fun  has  wanted  of  i:'s  accuf- 
tomed  brightncfs,  flione  with  a  dim  and  obfcurc 
light  for  the  fpacc  of  a  whole  year.  This  ob- 
fcurity  has  been  fuppofcd  to  arife  from  his  fur- 
face  being  at  thofe  times  covered  with  fpots. 
Spots  have  been  feen  that  were  much  larger  than 
the  earth. 

The  fun  is  fuppofcd  to  have  an  atmofpherc 

round 

•  The  obfervcr  m^iy  view  the  fpots  of  the  fun  with  a  rofra6l- 
ing  Iclcfcopc  of  two  or  three  feet,  or  a  rcflcfting  one  of  1 2  inches, 
x8  inches,  or  two  fret,  taking  care  to  guard  the  eye  with  a  darK 
glals,  to  take  oft  the  glaring  light  ;  or  the  image  or  pi^ure  of  ths 
fun,  with  his  fpots,  tnay  be  thrown  into  a  dark  room,  through  % 
iclcfcopc,  and  received  i;pon  a  piece  of  paper  placed  nearer  0|^ 
further  from  thc^lafs  at  plealure. 
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found  it,  which  occafions  that  appearance  which 
is  termed  the  zodiacal  light.  This  light  is  feen  at 
feme  feafons  of  the  year,  either  a  little  after  fun- 
fet,  or  a  little  before  fun-rife.  It  is  faintly  bright, 
and  of  a  whitifh  colour,  refcmbling  the  milky 
^way.  In  the  morning  it  becomes  brighter  and 
larger,  as  it  rifes  above  the  horizon,  till  the  ap- 
proach of  day,  which  diminifhes  it's  fplendor,  and 
renders  it  at  lad  inviiible.  It's  figure  is  that  of  a 
flat  or  lenticular  fpheroid,  feen  in  profile.  The 
dire(Sion  of  it's  longer  axis  coincides  with  the 
plane  of  the  fun's  equator.  But  it's  length  is  fub- 
JC&  to  great  variation,  fo  that  the  diftance  of  it's 
fummit  from  the  fun  varies  from  45  to  120  de- 
crees. It  is  feen  to  the  beft  advantage  about  the 
iolftices.  It  was  firft  defcribed  and  named  by 
Caflini,  in  1683  ;  it  was  noticed  by  Mr.  Childrcy, 
about  the  year  1650. 


Or    THE   Inferior   Planets,  Mercury  an» 

#  Venus. 


Of  Mercury.     $ 

Of  all  the  planets.  Mercury  is  the  leaft ;  at 
the  fame  time,  it  is  that  which  is  neareft  the  fun. 
It  is  from  his  proximity  to  this  globe  of  light,  that 
he  is  fo  feldom  within  the  fphere  of  our  obferva- 
tion,  being  loft  in  the  fplendor  of  the  folarbright- 
nefs,  yet  it  emits  a  very  bright  white  light.  It  is 
oftener  feen  in  thofe  parts  of  the  world,  which 
are  more  fouthward  than  that  which  we  inhabit  ; 
and  oftener  to  us  than  to  thofe  who  live  nearer 
the  north  pole ;  for  the  more  x)blique  the  fphere 
is,  the  lefs  is  the  planet's  elevation  above  the 
hdhzon* 

Mercury 
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Mercury  never  removes  but  a  few  degrees 
from  the  fun.  The  meafure  of  a  planet's  repara- 
tion, or  diftancc,  from  the  fun,  is  called  it*s  eloif^ 
gation.  His  grcatcft  elongation  is  little  more 
than  twenty-eight  degrees,  or  about  as  far  as  the 
moon  appears  to  be  from  the  fun,  the  fecond 
day  after  new  moon.  In  fome  of  it's  revolu- 
tions, the  elongation  is  not  more  than  eighteen 
degrees. 

Mercury  is  computed  to  be  at  about  37  mil- 
lions of  miles  from  the  fun,  and  to  revolve  round 
him  in  87  days,  23  hours,  and  nearly  16  minutes, 
which  is  the  meafure  of  it's  year,  about  one-fourth 
of  our's.  As  from  the  ncarncfs  of  this  planet  to 
the  fun,  we  neither  know  the  time  it  revolves 
round  it's  axis,  nor  the  inclination  of  that  axis  to 
the  plane  of  it's  orbit,  we  are  ncceflarily  ignorant 
of  the  length  of  it's  day  and  night,  or  the  variety 
of  feafons  it  may  be  liable  to.  Mercury  is  3000 
miles  in  diameter,  and  therefore  contains  in  fur- 
face  28,274,400  fquare  miles.  Large  as  Mercury, 
when  thus  tonfidcrcd,  appears  to  be,  it  is  but  an 
atom,  when  compared  with  Jupiter,  whcfediametcr 
is  90,000  miles.  It's  apparent  diameter,  at  a  mean 
diftance  from  the  earth,  is  20  feconds. 

Mercury  is  fuppofed  to  move  at  the  rate  of 
110,680  miles  per  hour.  The  fun  is  above 
26,000,000  times  as  big  as  Mercury  ;  fo  that  it 
would  appear  to  the  inhabitants  of  Mercury  nearly 
three  times  larger  than  it  does  to  us  ;  and  it's  difk, 
or  tacc,  about  fevcn  times  the  fize  we  fee  it.  As 
the  other  five  planets  are  above  Mercury,  their 
phenomena  will  be  nearly  the  fame  to  it  as  to  us. 
Venus  and  the  earth,  when  in  oppofuion  to  the 
fun,  will  fliine  with  full  orbs,  and  atlbrd  a  bril- 
liant appearance  to  the  Mercurian  fpcclator. 

Mercury,  like  the  moon,  changes  it's  phafes^.^ 
according  to  it's  feveral  pofitions,  with  rcfpcc? 
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the  fun  and  earth.  He  never  appears  quite  round 
or  full  to  us,  becaufc  his  enlightened  fide  is  never 
turned  diredlly  towards  us,  except  when  he  is  fo 
near  the  fun,  as  to  become  invifible.  The  times  for 
making  the  mod  favourable  obfervations  on  this 
planet,  are,  when  it  pafi^es  before  the  fun,  and  is 
iccn  traverfing  his  difk,  in  the  form  of  a  black 
fpot.  This  paffage  of  a  planet  over  the  face  of  the 
fun,  is  called  a  tranfii.  It  happens  in  it's  lower 
conjundion,  at  a  particular  ficuation  of  the  nodes. 
If  Mercury,  at  his  ipferior  conjunction,  comes 
to  cither  of  his  nodes  about  thcfe  times,  he  will 
appear  to /r^/j/7/ 1  over  the  difk  of  the  fun.  But 
in  all  other  parts  of  his  orbit  his  conjunftions  are 
invifible,  becaufe  he  either  goes  above  or  below 
the  fun. 

Of  Venus.     $ 

Venus  is  the  brighteft  and  largeft,  to  appear- 
ance, of  all  the  planets,  diftinguiflied  from  them  all 
by  a  fUperiority  of  luftre  :  her  light  is  of  a  white 
colour,  and  fo  confiderable,  that  in  a  dulky  place 
Ihc  projedls  a  fenfible  (hade. 

The  diameter  of  Venus  is  7,699  Engliih  miles; 
her  diftance  from  the  fun  is  about  69,500,000 
miles  ;  (lie  goes  round  the  fun  in  224  days,  6  hours, 
49  minutes,  moving  at  the  rate  of  80,955  miles 
per  hour.  Her  motion  round  her  axis  has  been 
fixed  by  fome  at  23  hours,  22  minutes;  by  others 
at  above  24  days.  She,  like  Mercury,  conftantly 
attends  the  fun,  never  departing  from  him  above 
47  or  48  degrees.  Like  Mercury,  flie  is  never  fcen 
at  midnight^  or  in  oppoJUion  to  the  Jiin^  being  viliblc 
only  for  three  ^^  four  hours  in  the  morning,  or 
evening,  ac«  as  flie  is  before  or  alter  the 

One 
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One  would  not  imagine  that  this  planet,  which. 
appears  fo  much  fuperior  to  Saturn  in  the  heavens^ 
is  fo  inconfiderable  when  compared  to  it ;  for  the 
diameter  of  Saturn  is  79,979  miles  ;  while,  on  the 
other  hand,  one  would  fcarcc  imagine  that  Venus, 
which  appears  but  as  a  lucid  fpangle  in  the  hea- 
vens, was  fo  large  a  globe  as  fhe 'truly  is,  her  dia- 
meter being  7  699  miles.  It  is  the  diftance  which 
produces  thefe  effects  ;  which  gives  and  takes  away 
the  magnitude  of  things.  Her  apparent  fize  varies 
with  her  diftance ;  at  fome  feafons  Ihe  appears 
-  nearly  32  times  larger  than  at  others. 

When  this  planet  is  in  that  part  of  it's  orbit 
which  is  weft  of  the  fun,  that  is,  from  her  inferior 
to  her  fuperior  conjunction,  Ihe  rifes  before  him 
in  the  morning,  and  is  called  pho/phorus,  or  luci/er, 
or  the  morning  Jlar.  When  Ihe  appears  eaft  of  the 
fun,  that  is,  from  her  fuperior  to  her  inferior  con- 
junftion,  ihe  fets  in  the  evening  after  him  ;  or  in 
other  words,  ihipcs  in  the  evening  after  he  fets, 
and  is  called  befperus,  or  vefper^  or  the  evening 
ftar. 

The  inhabitants  of  Venus  will  fee  the  planet 
Mercury  always  accompanying  the  fun ;  and  he 
will  be  to  them,  by  turns,  an  evening  or  a  morning 
ftar,  as  Venus  is  to  us.  To  the  fame  inhabitants, 
the  fun  will  appear  almoft  twice  as  large  as  he 
does  to  us. 

Venus,  when  viewed  through  a  telcfcope,  is 
fcldom  fecn  to  ftiine  with  a  full  face  ;  but  has 
phafes,  juft  like  the  moon,  from  the  fine  thin  cre- 
fcent  to  the  enlightened  hemifphere.  Her  illu- 
minated part  is  conftantly  turned  towards  the  fun ; 
hence  it's  horns  are  turned  towards  the  call  when 
it  is  a  morning  ftar,  and  towards  the  weft  when  it 
is  an  evening  liar.  Some  aftronomcrs  have  thought 
they  perceived  2,  fatcllite  moving  round  Venus; 

but 
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"but  as  fucceeding  obfervers  have  not  been  able  to 
verify  their  obfervations,  they  are  fuppofed  to  have 
originated  in  error.  In  obferving  the  tranfit  of 
Venus,  Mr.  Dunn,  and  other  gentlemen,  faw  a  pe- 
numbra which  took  place  about  five  feconds  be- 
fore the  contadl,  preceding  the  egrefs  of  the  pla- 
net ;  and  from  thence  they  coucluded,  that  it  had 
an  atmofphere  of  about  50  geographical  miles  in 
height. 

We  are  told,  that,  when  Copernicus  firft  pub- 
liihed  his  account  of  the  folar  fyftem,  it  was  ob«- 
jtt^ed  to  him  that  it  could  not  be  true,  becaufe  if 
it  was,  the  inferior  planets  muft  have  different 
phafes,  according  to  their  different  fituation  with 
refpedl  to  the  fun  and  earth ;  whereas  they  always 
appear  round  to  us.  The  anfwer  faid  to  be  made 
by  him,  is,  that  they  appear  round  to  the  eye  by 
reafon  of  their  diftance ;  but  if  we  could  have  a 
nearer,  or  more  diftindt  view  of  them,  we  fliould 
fee  in  them  the  fame  phafes  we  do  in  the  moon. 
The  invention  of  telefcopes  is  faid  to  have  verified 
this  predidtion  of  Copernicus.  But  it  is  neither 
probable,  that  a  defender  of  the  Ptolemaic  fyftem 
ihould  make  fuch  an  objedlion,  or  Copernicus  fuch 
an  anfwer ;  lince  in  the  Ptolemaic,  as  well  as  in 
the  Copernican  fyftem,  the  Ihape  of  thcfc  planets 
ought  to  change,  jufl  as  the  moon  does;  confcqucnt- 
ly,  the  mere  change  of  Jbape  in  the  inferior  pla- 
nets is  an  argument,  which,  in  the  common  way 
of  urging  it,  proves  nothing  at  all  as  to  the  truth 
or  fallhood  of  the  Copernican  fyftem.  If,  bclides 
the  changes  of  Ihape  made  in  the  inferior  planets, 
we  confider  the  fituation  of  the  planets  with  refpect 
to  the  fun,  when  thefe  changes  happen  ;  this,  in- 
deed, will  fliew  us,  that  the  Ptolemaic  fyltem  is 
falfe,  as  will  be  fcen  in  a  fubfequent  part  of  thcfc 
Lcdures. 

C  4  Taking 


24  Lectures  on  Natural  Philosophy. 

Taking  the  tixncs  in  which  the  planets  move 
round  the  fun,  for  the  length  of  their  year ;  and 
the  times  of  their  turning  round  rheir  axes,  for  the 
length  of  their  d^ys  aad  nighty  together ;  and  a£- 
furoing,  as  true,  the  obfervations  of  Bianchini^  re- 
.  lative  to  the  rotation  of  Venus  round  her  axis ;  wc 
may  fay,  that  a  day  and  a  night  in  Venu;?  is  as  long 
as  23  T  d^ys  and  nights  with  jus  ;  her  axis  inclines 
75  degrees  from  the  axis  of  her  orbit,  on  which 
account  the  length  of  her  dayjs  and  nights  differs 
much  more  in  proportion,  and  the  variation  of  her 
feafons  is  greater  than  thofe  of  our  earth.  She 
very  feldom  has  the  forenoon  and  afternoon  of  the 
fame  day  of  an  equal  length.  At  her  equator  fhe 
has  the  four  feafons  twice  every  year,  with  other 
peculiarities,  which  arc  enumerated  in  larger  trea- 
tifes  on  fhis  fubjcct. 

Venus  is  fomcjtimes  fccn  palling  over  the  difk 
of  the  fun,  as  a  ro.und  dark  fpot.  Thefe  appear- 
ances, which  arc  called  tranfits,  happen  very  fel- 
dom; though  there  have  been  two  within  thefc 
few  years,  the  one  in  June,  1761,  the  other  in  June, 
1769  ;  the  next  will  be  in  the  year  1874. 

Of  TjiE  Earth.     0 

The  next  planet  that  comes  before  us  is  the 
learth  that  we  inhabit ;  fniall  as  it  really  is  when 
compared  to  feme  of  the  other  planets,  it  is  to  us 
nf  the  highcft  importance  :  wc  wifli  only  to  attain 
knowledge  of  others,  that  wc  may  find  out  their 
relation  to  this,  and  from  thence  learn  our  connec- 
tion with  the  univcrfc  at  large.  But  when  viewed 
with  an  eye  to  eternity,  it's  value  to  us  is  height- 
ened in  a  manner  that  exceeds  expreffion,  and  fur- 
paflcs  all  the  powers  of  the  human  mind.  He 
alone  can  form  fomc  idea  of  it,  who  in  the  regions 

of 
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X>f  celcftial  blifs  is  become  a  partaker  of  the  length 
and  breadth,  the  depth  and  height,  of  divine  love. 

The  orbit  of  the  earth  is  placed  between  thofc 
of  Venus  and  Mars.  The  diameter  of  the  earth  is 
7920  miles ;  it*s  diftancc  from  the  fun  is  nearly 
96  millions  of  miles,  and  it  goes  round  him  in 
a  year,  moving  at  the  rate  of  68,856  miles  per 
hour.  It's  apparent  diameter,  as  fcen  froin  the  fun, 
is  about  twenty-on.e  feconds. 

.  It  turns  round  it's  axis,  from  weft  to  eaft,  in 
twenty-four  hours,  which  occalions  the  apparent 
diurnal  motion  of  the  fun,  and  all  the  heavenly  bo- 
dies round  it,  from  eaft  to  weft,  in  the  fame  time; 
it  is,  of  courfc,  the  caufe  of  their  rifing  and  fetting, 
of  day  and  night. 

The  axis  of  the  earth  is  inclined  234  degrees 
to  the  plane  of  it's  orbit,  and  keeps  in  a  diredion 
parallel  to  itfclf,  throughout  it's  anni^al  courfe, 
vhich  caufes  the  returns  of  fpring  and  fummer, 
autumn  and  winter.  Thus  it's  diurnal  motion 
gives  us  the  grateful  viciflitude  of  night  and  day, 
and  it's  annual  motion  the  regular  fuccclTion  of 
feafons* 

Ok  the  Moon.     ^ 

Next  to  the  fun,  the  moon  is  the  moft  fplen- 
did  and  fliining  globe  in  the  heavens,  the  fatellite, 
or  infeparable  companion  of  the  earth.  By  diffi- 
pating,  in  Ibme  nicufure,  the  darknefs  and  horrors 
of  the  night ;  fubdividing  the  year  into  months  ; 
and  regulating  the  Hux  and  reflux  of  the  fea  ;  flic 
not  only  becomes  a  plealing,  but  a  welcome  ob- 
jed;  an  object  allbrding  much  for  fpeculation  to 
the  contemplative  mind,  of  real  ufc  to  the  navi, 
gator,  the  travcllcM',  and  the  huft}andman.    -The 

Hcbrevys, 
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Hebrews,  the  Greeks,  the  Romans,  and,  in  general, 
all  the  ancients  ufed  to  afTembleat  the  time  of  new 
moon,  to  difcharge  the  duties  of  piety  and  gratitude 
for  it's  manifold  ufes. 

That  the  moon  appears  fo  much  larger  than 
the  other  planets,  is  owing  to  her  vicinity  to  us; 
for  to  a  fpedlator  in  the  fun  fhe  m  ould  be  fcarcely 
vifible,  without  the  affiftance  of  a  telefcope.  Her 
diftanceis  but  fmall  from  us,  when  compared  with 
that  of  the  other  heavenly  bodies ;  for  among 
thefe,  the  leaft  abfolute  diftance,  when  put  down  in 
numbers,  will  appear  great,  and  the  fmalleft  mag* 
nitude  immenfe. 

The  moon  is  2161  miles  in  diameter;  her  bulk 
is  about  three-elevenths  of  the  earth ;  her  diflance 
from  the  center  of  the  earth  240,ocx>  miles;  fhc 
goes  round  her  orbit  in  27  days,  7  hours,  43  mi- 
nutes, moving  at  the  rate  of  2299  miles  per  houn 
The  time  in  going  round  the  earth,  reckoning  from 
change  to  change,  is  29  days,  12  hours,  44  mi- 
nutes. Her  apparent  diameter  at  a  mean  diflance 
from  the  earth,  is  31  minutes  16  feconds;  but  as 
viewed  from  the  fun,  at  a  mean  diftance  about 
6  feconds. 

Her  orbit  is  inclined  to  the  ecliptic,  in  an  an- 
gle of  5  degrees,  18  minutes,  cutting  it  in  two 
points,  which  are  diametrically  oppolitc  to  each 
other;  thefe  points  are  called  her  nodes.  The 
nodes  have  a  motion  weft  ward,  or  contrary  to  the 
order  of  the  figns,  making  a  complete  revolution 
in  about  nineteen  years;  in  which  time,  each  node 
returns  to  that  point  of  the  ecliptic  whence  it  be- 
fore receded. 

If  the  moon  were  a  body  poflcfling  native 
light,  we  fliould  not  perceive  any  divcrfity  of  ap- 
pearance ;  but  as  ftie  Ihines  entirely  by  light  re- 
ceived from  the  fun,  and  reflected  by  her  furface, 
it  follows,  that  according  to  the  fituation  of  the 

beholder 
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beholder  with  rcfpc<5l  to  the  illuminated  pait^ 
he  will  fee  more  or  lefs  of  her  refleded  beams ;  for 
only  one  half  of  a  globe  can  be  enlightened  at 
once. 

Hence,  while  Ihe  is  making  her  revolution 
round  the  heavens,  Ihe  undergoes  great  changes  in 
her  appearance.  She  is  fometimcs  on  our  meri-- 
dian  at  midnight,  and  therefore  in  that  part  of  the 
heavens  which  is  oppofite  to  the  fun;  in  this  fitua- 
tion  ftie  appears  as  a  complete  circle,  and  it  is 
iaid  to  h^fullvioon.  As  (lie  moves  caftward,  Ihe  be- 
comes deficient  on  the  well  fide,  and  in  about 
7^  days  comes  to  the  meridian,  at  about  fix  in  the 
morning,  having  the  appearance  of  a  femicircle^ 
with  the  convex  fide  turned  towards  the  fun  ;  in 
this  (late,  her  appearance  is  called  the  half  moon. 
Moving  on  ft^ill  caftward,  flie  becomes  more  defi- 
cient on  the  weft,  and  has  the  form  of  a  crefcent, 
with  the  convex  fide  turned  towards  the  fun;  this 
crefcent  becomes  continually  more  flcndcr,  till 
about  fourteen  days  after  the  full  moon  Ihe  is  fo 
near  the  fun,  that  flie  cannot  be  feen,  on  account 
of  his  great  fplendor.  About  four  days  after  thiji 
difappearance,  ftie  is  feen  in  the  evening,  a  little 
to  the  eafl:ward  of  the  fun,  in  the  form  of  a  fine 
crefcent,  with  the  convex  fide  turned  from  the 
fun;  moving  ftill  to  the  ealtward,  the  crefcent 
becomes  more  full ;  and  when  the  moon  comes  to 
the  meridian,  about  fix  in  the  evening,  ftie  has 
again  the  appearance  of  a  bright  femicircle  ;  ad- 
vancing ftill  to  the  eaftward,  ftie  becomes  fuller  on 
the  eatt  fide;  at  laft,  in  about  29  i  days,  ftic  is  again 
oppofite  to  the  fun,  and  again  full. 

It  frequently  happens,  that  the  moon  is  eclip- 
fed  when  at  the  full  ;  and  that  the  fun  is  eclipfcd 
fomc  time  between  the  difappearance  of  the  moon 
in  the  morning  on  the  weft  fide  of  the  fun,  and 
her  appearance  in  the  evening  on  the  eaft  fide  of 

the 
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the  fun.  The  nature  of  thefe  phenomena  will  be 
more  fully  confidcrcd,  when  we  come  to  treat  par- 
ticularly of  eclipfes. 

In  every  revolution  of  the  moon  about  the 
earth,  fhe  turns  once  round  upon  her  axis,  and 
therefore  always  prcfents  the  fame  face  to  our 
view ;  and  as,  during  her  courfc  round  the  earth, 
the  fun  enlightens  lucccflively  every  part  of  her 
globe  only  once,  confcquently  Ihe  has  but  one  day 
in  all  that  time,  and  her  day  and  night  together 
are  as  long  as  our  lunar  month.  As  we  fee  only 
one  fide  of  the  moon,  Ave  are  therefore  invifiblc  to 
the  inhabitants  on  the  oppofite  fide,  without  they 
take  a  journey  to  that  fide  which  is  next  to  us,  for 
which  purpofe  fome  of  them  muft  travel  more 
than  1500  miles. 

As  the  moon  illuminates  the  earth  by  a  light 
refledled  from  the  fun,  Ihe  is  reciprocally  enlight- 
ened, but  in  a  much  greater  degree,  by  the  earth  ; 
for  the  furface  is  above  thirteen  times  greater  than 
that  of  the  moon  ;  and  therefore,  fuppofing  their 
power  of  refled:ing  light  to  be  equal,  the  earth 
will  refledl  thirteen  times  more  light  on  the  moon 
than  fhe  receives  from  it.  When  it  is  what  wc 
call  new  moon,  we  fliall  appear  as  a  full  moon  to 
the  Lunarians;  as  it  incrcafcs  in  light  to  us,  our*3 
will  decrcafe  to  them :  in  a  word,  our  earth 
will  exhibit  to  them  the  fame  phafcs  as  fl\e  does 
to  us. 

We  have  already  obferved,  that  from  one  half 
of  the  moon  the  earth  is  never  fcen ;  from  the  mid- 
dle of  the  other  half,  it  is  always  feen  over  head, 
turning  round  almoll  thirty  times  as  quick  as  the 
iiioon  does.  '1  o  her  inhabitants,  the  earth  feems 
to  be  the  largcft  body  in  the  univerfc,  about  thir- 
teen times  as  large  to  them,  as  flie  docs  to  us. 
As  the  earth  turns  round  it's  axis,  the  feveral 
continents  and  iflands  appear   to   the   Lunarians 
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^s  fo  many  fpots,  of  different  forms ;  by  thcfe 
fpots,  they  may  determine  the  time  of  the  earth's 
diurnal  motion ;  by  Jthefe  fpots,  they  may,  per- 
haps^  meafure  their  time, — they  cannot  have  a 
better  dial. 

Of  TriE  Superior  Planets. 

Mars,  Jupiter,  Saturn,  and  the  Georgium  Si- 
Jus,  are  called  fuperior  planets,  becaufe  they  arc 
higher  in  the  fyftem,  or  farther  from  the  center  of 
it^  than  the  earth  is. 

They  exhibit  feveral  phenomena,  which  arc 
very  different  from  thofe  of  Mercury  and  Venus  ; 
among  other  things,  they  come  to  our  meridian 
both  at  noon  and  midnight,  and  are  never  fecn 
croffing  the  fun's  dilk. 

Of  Mars.     ^ 

Mars  is  the  lead  bright  and  elegant  of  all  the 
planets ;  it's  orbit  lies  between  that  of  the  earth 
and  Jupiter,  but  very  diftant  from  both.  He  ap- 
pears of  a  dulky  rcddifh  hue ;  from  the  dullnefs  of 
his  appearance,  many  have  conjechircd  that  he  is 
cncoriipafTed  with  a  thick  cloudy  atmofphcrc ; 
his  light  is  not  near  fo  bright  as  that  of  Venus, 
though  he  is  fometimcs  nearly  equal  to  her  in 
fizc. 

Mars,  which  appears  fo  inconliderable  in  the 
heavens,  is  5,309  miles  in  diameter.  It's  diftancc 
from  the  fun  is  about  146,000,000  miles.  It  goes 
round  the  fun  in  i  year,  321  days,  23  hours,  mov- 
ing at  the  rate  of  55,287  miles  per  hour.  It  re- 
vol  yes  round  it's  axis  in  24  hours,  39  minutes.  To 
an  inhabitant  in  Mars,  the  fun  would  appear  one- 
third 
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third  left  tnt  diameter  than  it  does  to  us.  It*s  ap- 
parent diameter,  as  viewed  at  a  mean  diftance  from 
the  earth,  is  30  feconds. 

Mars,  when  in  oppofition  to  the  fun,  is  five 
times  nearer  to  us  than  when  in  conjunrtion.  This 
has  a  very  vifible  efted  on  the  appearance  of  the 
planet,  caufmg  him  to  appear  much  larger  at  fome 
periods  than  at  others. 

The  analogy  between  Mars  ami  the  earth  is  bjr 
far  the  grcateft  in  the  whole  folar  fyftem  ;  their 
diurnal  motion  is  nearly  the  fame ;  the  obliquities 
of  their  refpetlive  ecliptics  not  very  different.  Of 
all  the  fuperior  planets,  that  of  Mars  is  by  far  the 
neareft  like  the  earth  :  nor  will  the  Martial  year 
appear  fo  diflimilar  to  our*s,  when  we  compare  it 
M^ith  the  long  duration  of  the  years  of  Jupiter,  Sa- 
turn, and  the  Gcorgium  Sidus.  It  probably  has  a 
confiderable  atmofpherc ;  for  bciides  the  perma- 
nent fpots  on  it's  furface.  Dr.  Hcrfchcl  has  often 
perceived  occafional  changes  of  partial  bright 
belts,  and  alfo  once  a  darkilh  one  in  a  pretty  high 
latitude  ;  alterations  which  we  can  attribute  to 
no  other  caufe  than  the  variable  difpofition  of 
clouds'  and  vapours  floating  in  the  atmofphere  of 
the  planet. 

A  fpectator  in  Mars  will  rarely,  if  ever,  fee 
Mercury,  except  when  they  fee  it  paffing  over  the 
fun's  diflk.  Venus  will  appear  to  him  at  about  the 
fame  diftance  from  the  fun,  as  Mercury  appears  to 
us.  The  earth  will  appear  about  the  fizc  of 
Venus,  and  never  above  48  degrees  from  the  fun  i 
and  will  be,  by  turns,  a  morning  and  evening  ftar 
to  the  inhabitants  of  Mars.  It  appears,  from  the 
moft  accurate  obfcrvations,  that  Mars  is  a  fpheroid, 
or  flatted  fpherc,  the  equatorial  diameter  to  the 
'  polar  being  in  the  proportion  of  about  131  to  127; 
and  there  is  rcafon  tofuppofe,  that  all  the  planets 
are  of  this  figure. 

Or 
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Of  Jupiter.     ^ 

Jupiter  is  fituated  ftill  higher  in  the  fyftem^ 
revolving  round  the  fun,  between  Mars  and  Saturn. 
It  is  the  largeft  of  all  the  planets,  and  eafily  dif- 
tinguilhed  from  them  by  his  peculiar  magnitude 
and  light.  To  the  naked  eye  it  appears  almoft  as 
large  as  Venus,  but  not  altogether  lb  bright. 

Jupiter  revolves  round  it's  axis  in  9  hours,  56 
fninutes;  it's  revolution  in  it's  orbit  to  the  fame 

Eoint  of  the  ecliptic  is  11  years,  3  [4  days,  10 
ours.  The  difproportion  of  Jupiter  to  the  earth, 
in  fize,  is  very  great  ;  viewing  him  in  the  heavens, 
vc  confider  him  as  fmall  in  magnitude ;  whereas 
he  is  in  reality  90,228  miles  in  diameter.  His 
diftance  from  the  fun  is  499,750,000  miles;  he 
moves  at  the  rate  of  rather  more  than  29,083  mile^ 
per  hour.  His  apparent  diameter,  as  fcen  at  a 
mean  diftance  from  the  earth,  is  39  feconds. 

To  an  eye  placed  in  Jupiter,  the  fun  would 
not  be  a  fifth  part  of  the  fize  he  appears  to  us,  and 
his  difk  be  25  times  lefs.  Though  Jupiter  be  the 
lai^eft  of  all  the  planets,  yet  his  revolution  round 
his  axis  is  the  fwifteft.  The  polar  axis  is  fhorter 
than  the  equatorial  one,  and  his  axis  perpendicular 
to  the  plane  of  his  orbit. 

Jupiter,  when  in  oppofition  to  the  fun,  is  much 
nearer  the  earth,  than  when  he  is  in  conjundion 
with  him ;  at  thofc  times  he  appears  alio  larger, 
and  more  luminous  than  at  other  times. 

In  Jupiter,  the  days  and  nights  arc  of  an  equal 
Ictigth^  each  being  about  five  hours  long.  We 
have  already  obferved,  that  the  axis  of  his  tiiurnul 
fotation  is  nearly  at  right  angles  to  the  plane  of 
his  annual  one,  and  confequcntly  there  can  be 
fcarcc  any  difference  in  fealbns;  and  here,  as  far 

as  ' 
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as  wc  may  reafon  from  analogy,  wc  may  difcovcf 
the  footfteps  of  wifdom:  for  if  the  axis  of  this 
planet  were  inclined  by  any  confidcrablc  number 
of  degrees,  juft  fo  many  degrees  round  each  pole 
would,  in  their  turn,  be  almoft  fix  years  in  dark- 
ncfs  ;  and  as  Jupirer  is  of  fuch  an  amazing  fizc,  in 
this  cafe  immcnfe  regions  of  land  would  be  unin- 
habitable. 

Jupiter  is  attended  by  four  fatcllites,  or  moons; 
thefe  arc  invifible  to  th&  naked  eye  ;  but  through 
«l  relefcope  they  make  a  beautiful  appearance.  As 
our  moon  turns  round  ^he  earth,  enlightening  the 
nights,  by  refledling  the  light  ilic  receives  from  the 
fun,  fo  thefc  alfo  enlighten  the  nights  of  Jupiter, 
and  move  round  him  in  different  periods  of  time, 
proportioned  to  their  fcveral  dift.mccs:  and  as  the 
moon  keeps  company  with  the  earth  in  it's  annual 
revolution  round  the  fun  ;  fo  iliifc  accompany 
Jupiter  in  his  co.irfe  round  that  luminary. 

In  fpcaking  of  the  fatcllites,  wc  dillinguilh 
ihcm  according  to  their  places,  into  the  fun:,  the 
fecond,  and  fo  on  ;  by  the  fir(l,  wc  mean  that 
vshich  is  nearcft  to  the  planet. 

'I'hc  outermort  of  Jupiter's  (atiHires  will  ap- 
iiear  almoll  as  big  as  the  moon  iloes  to  us;  the 
limes  ihe  diameter,  and  twcnty-iive  iinj';>  the  dif!-: 
ill"  tl)e  lun.  The  four  fatellites  nufl  ail'oiu  a  pleaf- 
ino  IpeOtacle  to  the  inhabitants  of  Juoiter;  for 
Kmu'innes  they  will  rife  all  together,  loinerinies  he 
all  n>['[erher  on  the  meridian,  rani-cd  (>iu'  under  ar.o- 
\\\v\\  befides  frequent  eel ipfes.  >s:'r'.\  i;ii!t  indini;'  the  "^ 
dillauv  e  of  Jupiter  and  his  fateiliies  fvom  u>,  the 
vk  lipfes  rheieot  are  of  conlideral)!e  ufe,  f^r  afcer- 
i.unu\j^  with  accuracy  the  Uin^i-itude  of  pliices. 
I  \o\\\  rhr  four  fatellites  the  iiihcilMtrmtc;  of  Jupiter 
will  have  four  ditlerent  kinds  of  ni'>i\:.l^s  and  the 
number   of    them   in    their    year    not    lefs    than 
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An  aftronomcr  in  Jupiter  will  never  fee  Mer- 
ry, Venus,  the  Earth,  or  Mars ;  becaufe,  from 
e  immenfe  diftance  at  which  he  is  placed,  they^ 
jft  appear  to  accompany  the  fun,  and  rife  and 
with  him  :  but  then  he  will  have  for  the  ob- 
is of  obfervation,  his  own  four  moons,  Saturn, 
I  ring  and  fatellites,  and  probably  the  Georgium 
lus. 

Of  Saturn,     fj 

Before  the  difcovery  of  the  Georgiufti  Sidus, 
tairn  was  reckoned  the  moft  remote  planet  in 
r  fyftem  ;  he  Ihincs  but  with  a  pale  feeble  light, 
s  bright  than  Jupiter,  though  Icfs  ruddy  than 
ars.  The  uninformed  eye  imagineJf  not,  whcit 
is  diredled  to  this  little  fpeck^of  light,  that  it  is 
rwing  a  large  and  glorious  globe,  one  of  the  moft 
pendous  of  the  planets,  whofe  diameter  is 
,979  miles.  We  need  not,  however,  be  furprifed 
the  vaft  bulk  of  Saturn,  and  it's  difproportion  to 
J  appearance  in  the  heavens  ;  for  we  are  to  con- 
er,  that  all  objecfts  decreafe  in  their  apparent 
ignitude,  in  proportion  to  their  diftance ;  but  the 
bmce  of  Saturn  is  immenfe;  that  of  the  earth 
im  the  fun  is  96,000,000  miles;  of  Saturn, 
>,5 00,000  miles  f 

The  length  of  a  planet's  year,  or  the  time  of 
;  revolution  round  it's  orbit,  is  proportioned  to 
\  diftance  from  the  fun.  Saturn  goes  round  the 
I  in  29  years,  167  days,  6  hours,  moving  at  the 
eof  rather  more  than  22,298  miles  per  houi. 
s  apparent  diameter  at  a  mean  diftance  from  the 
th  is  16  fcconds. 

It  has  not  yet  been  afcertaincd  by  aftronomi- 

obfervat'ion,  whether  Sattrn  revolves  or  not 
on  his  axis :  we  arc  thcrefgrc  ignarant  of  the 

VuL.  IV.  D  length 
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length  of  his  day,  and  of  his  night.  The  fun's  diflc 
will  appeiar  ninety  times  lefs  to  an  inhabitant  of 
Saturn  than  it  does  to  us ;  but  notwithflanding  the 
fun  appears  fo  fmall  to  the  inhabitants  of  the  re- 
gions of  Jupiter  and  Saturn,  the  light  that  he  will 
afford  them  is  much  more  than  would,  be  at  firft 
fuppofed  ;  and  calculations  have  been  made,  from 
which  it  is  inferred,  that  the  fun  will  afford  500 
times  as  much  light  to  Saturn,  as  the  full  moon  to 
us  ;  and  i6cJo  times  as  much  00  Jupiter.  To  eyes 
like  our's,  unafTiftcd  by  inftruments,  Jupiter  and 
the  Georgium  Sidus  would  be  the  only  planets  feen 
from  Saturn,  to  whom  Jupiter  would  fometimes 
be  a  morning,  fometimes  an  evening  ftar. 

One  of  the  firft  difcoVeries  of  the  telefcope, 
when  brought  to  a  tolerable  degree  of  perfeftion, 
was,  that  Saturn  did  not  appear  like  other  planets* 
Galileo,  in  16 10,  fuppofed  it  compofed  of  3  ftars^ 
or  globes,  a  larger  in  the  middle,  and  a  fmaller  oa 
each  fide ;  and  he  continued  his  obfervations  till 
the  two  lelTer  ftars  difappeared,  and  this  planet 
looked  like  the  others.  Further  obfervation  Ihewed, 
that  what  Galileo  took  for  two  ftars,  were  parts  of 
a  ring.  This  Angular  and  curious  appendage  to 
the  planet  Saturn,  is  a  thin,  broad,  opake  ring,  en- 
compaffing  the  body  of  the  planet,  without  touch- 
ing it,  like  the  horizon  of  an  artificial  globe,  ap- 
pearing double  when  viewed  through  a  good  tele- 
fcope.  The  fpace  between  the  ring  and  the  globe 
of  Saturn,  is  fuppofed  to  be  rather  more  than  the 
breadth  of  the  ring ;  the  plane  of  the  ring  is  in- 
clined to  the  plane  of  the  ecliptic,  in  an  angle  of 
30  degrees,  and  is  about  21,000  miles  in  breadth. 
It  puts  on  different  appearances  to  us,  fometimes 
being  feen  quite  open,  at  others  only  as  a  line  upon 
the  equator.  It  is  probable  that  it  at  times  cafts 
a  ftiadow  over  vaft  regions  of  Saturn's  body.    This 

ring 
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Hhg  fulpcnded  round  the  body  of  theplanet^  and 
keeping  it's  place  without  any  connexion  with  the 
body,  is  quite  different  from  all  other  planetary 
phenoniena  with  which  we  are  acquainted.  But 
this  is  rendered  dill  more  furprifing  by  the  difco- 
▼eriei  of  Dr.  Herfchel,  who  finds  that  the  planet 
Saturn  has  two  concentric  rings,  of  unequal  dimen- 
fions  and  breadth  fituated  in  one  plane>  which  is 
probably  not  much  inclined  to  the  equator  of  the 
planet.  Theic  rings  are  at  a  confiderable  diftance 
from  each  other,  the  fmallefl  being  much  lefs  in 
diameter  at  the  outfide,  than  the  largeft  is  at  the 
infide  ;  the  two  rings  are  entirely  detached  from 
eachoth^r,  foas  plainly  to  pturait  the  open  heavens 
to  be  feen  through  the  vacancy  between  them.  Of 
the  nature  of  this  ring,  various  and  uncertain  were 
the  conjeftures  of  the  firft  obfervers ;  though  not 
more  perplexed,  than  thofe  of  the  lateft.  Of  it's 
life  to  the  inhabitants  of  Saturn,  we  are  as  ignorant 
as  of  it's  nature. 

Saturn  is  not  only  furnifhed  with  this  beauti- 
ful ring,  but  it  has  alfo  feven  attendant  moons. 


Of   THE  GeORGIUM  SiDUS.      ^ 

From  the  time  of  Huygens  and  Caflini,  to 
the  difcovery  of  the  Georgium  Sidus  by  Dr.  Her- 
fchel,  though  the  intervening  fpace  was  long, 
though  the  number  of  aftronomers  was  increafed, 
though  afliduity  in  obferving  was  affifted  by  ac- 
curacy and  perfedlion  in  the  inftrumcnts  of 
obfervation,  yet  no  new  difcovery  was  made  in 
the  heavens,  the  boundaries  of  our  fyftem  were  not 
enlarged.  The  inquilitive  mind  naturally  in- 
quires, why,  when  the  number  of  thofe  that  cul- 
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tivated  the  fciencewas  increafed,  when  the  icienc& 
itfclf  was  fo  much  improved,  in  pradical  difcove- 
rics  it  was  fo  deficient?  A  fmall  knowledge  of 
the  human  mind  will  anfwer  the  queftion,  and 
obviate  the  difficulty.  The  mind  of  man  has 
a  natural  propenfity  to  indolence  ;  the  ardour  of  it's 
purfuits,  when  they  arc  unconnedled  with  felfifli 
views,  arc  fooh  abated,  fmall  difficulties  difcourage^ 
little  inconveniences  fatigue  it^  and  reafon  foon 
finds  excufes  to  jtiftify,  and  even  applaud  this 
weaknefs.  In  the  prefent  inftance^  the  unma- 
nageable length  of  the  telefcopes  that  were  in. 
ufe,  and  the  continual  expofure  to  the  cold 
air  of  the  night,  were  the  difficulties  the  aftro- 
nomer  had  to  encounter  with  ;  and  he  foon  per- 
fuaded  himfelf,  that  the  fame  effeds  would  be  pro- 
duced by  fliorter  telefcopes,  with  equal  magnify- 
ing power ;  .herein  was  his  miftake,  and  hence  the 
reafon  why  fo  few  difcovcries  have  been  made 
fincc  the  timeof  Caflini.  A  (imilar  inflancc  of  the 
rctrogradation  of  fcience  occurs  in  the  hiftory  of 
the  microfcope,  as  1  have  llicvvn  in  my  cflays  on 
that  innrumcnt. 

The  Georgium  Sidus  was  difcovcred  by  Dr. 
Hcrfchd,  in  chc  year  J7&1  ;  for  this  difcovery  he 
obtained,  from  the  Royal  Society,  the  honorary  re- 
compcnce  of  Sir  Godfrey  Copley's  n^.cdal.  He 
nimcd  the  planet  in  honour  of  his  Majefty  King 
(icorp,^  III.  the  patron  of  fcicnce,  who  has  takeil 
Dr.  Herfchcl  under  his  patronage,  and  granted 
him  an  annual  falary.  By  this  munhticcnce  he  has 
given  fcope  to  a  very  uncom-mon  genius,  and  ena- 
bled him  to  profecute  his  lavouiite  lludics  with 
unremitted  ardour. 

In  fo  recent  a  difcovcry  of  a  planet  fo  diftant, 
many  pirticulars  cannot  be  expected.  It's  year  is 
fuppoi'crd  to  be  more  than  80  years  ;  it's  diameter 
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34,299  miles;  diftance  from  the  fun  about  1,832 
millions  of  miles;  the  inclination  of  it's  orbit 
43  degrees  35  feconds ;  it's  diameter,  compared 
to  that  of  the  earth,  as  431,769  to  i  ;  in  bulk  it  i» 
-8,049,256  timc;s  as  large  as  the  earth.  It's  light 
is  of  a  bluctlh  white  colour,  and  it's  brilliancy  be- 
tween that  of  the  moon  and  Venus. 

Thoijgh  the  Georgium  Sidus  was  not  known 
as  a  planet  till  the  time  of  Dr.  Herfchel,  yet  there 
are  many  reafons  to  fuppofe  it  had  been  fcen  be- 
fore, but  had  then  been  confidered  as  a  fixed  ftar. 
Dr.  Herfchel's  attention  was  firft  engaged  by  the 
fteadinefs  of  it's  light ;  this  induced  him  to  apply 
higher  magnifying  powers  to  his  telefcope,  which 
inci'eafed  the  diameter  of  it:  in  two  days  he  obfer- 
ved  that  it's  place  was  changed;  he  then  conclu- 
ded it  was  a  comet;  but  in  a  little  time  he,  with 
others,  determined  chat  it  was  a  planet,  from  it's 
vicinity  to  the  ecliptic,  the  direction  of  it's  motion, 
being  ftationary  in  the  time,  and  in  fuch  circum- 
ftances  as  correfpond  with  fimilar  appearances  in 
other  planets. 

With  a  telefcope,  which  magnifies  about  300 
'  times,  it  appears  to  have  a  very  well-defined  vi- 
fibledifk;  but  ^\ith  inftruments  of  a  fmaller  power 
it  can  hardly'be  diflinguifhed  from  a  fixed  ftar  be- 
tween the  fixth  and  (eventh  magnitude.  When 
the  moon  is  abfent,  it  may  alfo  be  fccn  by  the  na- 
ked eye. 

Dr.  Herfchel  has  fince  difcovcred,  that  it-  is 
attended  by  two  fattllitcs:  a  difcovery  which  gave 
him  confiderable  pleallire,  as  the  little  fecondary 
planets  fecmed  to  give  a  diga;ty  to  the  primary 
one,  and  raifc  it  into  a  more  coiifpicuous  lituation 
among  the  great  bodies  of  our  fjlar  r)ftem. 

As  the  dirtanccs  of  the  plaaets^  when  marked 
D3  in 
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in  mile8^are  a  burden  to  the  piemoiy^  aftronoinerf 
often  etprefi  their  mean  diftance^  in  a  fhorter  way^ 
by  fuppofing  the  diftance  of  the  earth  from  the 
fun  to  be  divided  into  ten  pait9.  Mercury  may 
then  be  eftimated  at  four  of  fuch  parts  from  the 
fon^  Venus  at  feven^  the  earth  at  ten,  Nf  ars  at  fif* 
teen,  Jupiter  at  fiftv-two  fuch  parts,  Satujii  at 
ninety-fiye,  ^nd  the  Qcofgium  Sidus  I90part8j 
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Tables  of  tub  Diameters^  Distances^  &c.  of 
THE  Planets. 


Accompanied  with  various  compari/ons^  /n  order  to 
render  the  ideas  of  thefe  diftances^  6?r.  clearer  t^ 
ibe  mind. 

When  you  endeavour  to  form  any  idea  of  dif- 
tancc^  nugnitude^  or  duration^  by  numbers  only^  you 
foon  exceed  the  limits  of  conception^  and  find  your 
faculties  of  reafoning  as  finite  as  your  fenfes.  Hence 
aftronomers  are  frequently  obliged  to  have  recourfe 
to  mixed  ideas^  and  make  things  of  different  nature 
and  properties  affift  each  other,  to  excite  more 
adequate  ideas  of  what  they  would  have  exprelTed. 
Some  of  thefe  methods  I  fhall  now  lay  befqre  you, 
to  affifl  your  imagination  in  forming  it's  ideas  of 
jtbe  vafl  diftances  and  fizes  of  the  planets. 


Sun    - 
Mercury 
Venus     - 
Earth     - 
Moon     - 
Mars  ^    - 
Jupiter  - 
Saturn    - 
Georgium  > 
Siaus     ) 


Diameters 

In  diam. 

Pnopoftion 

in  Englifli 

of  the 

of  furface 

mileai. 

earth. 

with  rclpcft 
:o  the  earth. 

893,522 

"3 

12,719 

3*261 

f 

i 

7*699 

41 

near  i 

7*920 

I 

I 

2,161 

fi 

above iS 

5*3^2 

1 

i 

90,255 

ri  i 

I29i 

80,012 

10 

102 

34,217 

44 

18  i 

Proportion  of 
bulk  with  re- 
fpeft  to  the 
earth. 


1,434,400 


10 


f9 
.V 

1.479 
1,030 

81     i 


D4 


Meam 
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Mean  Distances  in  Millions  of  Miles. 

The  diftances  being  very  greats  the  neareft 
million  only  is  inferted^  that  it  may  be  eaiier  re« 
membered. 


DiiFercnce  faetwrctn  the  greafeft  A 
leaft  diftaoce  of  the  fun  from  the 
earth  in  millions  of  miles* 

3 

74  i^ 

o 
33,570  miles. 

Millions* 
192 
192 

Periods  round  the  Sun  according  to  our  Years 
and  Months. 

Progreflivefno* 
tion  in  their 
orbit  miles  per 
hour* 

110,680 

80*955 
68,856 

55*783 

30>i93 

22,29< 


Diftances  from  the  Sun.    | 

Millions  of 

miles* 

Sun       - 

Mercury  - 

37  + 

Venus    - 

69  i 

Earth    - 

96 

Moon    - 

96 

Mars     - 

1461 

Jupiter    - 
Saturn    - 

499  i 

916^ 

Georg.  Sid. 

1.832 

Mercury  - 
Venus     - 
Earth     - 
Mars     - 
Jupiter  - 
Saturn     - 
Gcorgium  } 
Sidus       ) 


years. 


II 

29 

60 


days. 

87 
224 

365 

686 

3»4 
167 


hours. 

23 
16 

5 

23 
12 

5 


*5 

49 
48 

30 


fee. 

37 
12 

45 
63 


days*  hours,  min. 
Moon's  periodical  revo- 1  27     7 
lution  round  the  earth  r    7     7     43 


Synodical  revol.  or  from-i 
fhange  to  change        \    ^ 


U     44 


l6,4U 


2,299 


I^^^^^H 

^^n 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

ill 
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The  following  table  from  Mr.  Vince's  plan  of  a           ■ 

Courie  of  LcClures,  may  be  confidcred  as  more           ■ 

accurate;   it  is  deduced  from  M.  de  la  Landc's      ^^^ 

work*                                                                         ^H 

■ 

ineandid. 

Sia.  Rev. 

^rod,in  1750 

rnc\f7S6. 

;/":;;•  rr   ■ 

^M 

d.     h.  '    " 

<,   0,  '    " 

0    /     ^f 

^HM«miry 

3«7ifi 

t-  t3   ^i  14 

1   i  S  a<^  43 

700 

^H 

^^VVraui    • 

nju 

114  16  4y   II 

*   14  J6   iH 

3  li  JS 

to    7  4i  4»           ^^H 

■  luth     . 

IOCO#C 

36^     6     V   '2 

}    «  39  14           ^H 

HKiff      - 

tyljU 

6^  11    V^  i^ 

1   17  j8  jJi 

1    ?f     c 

5                             ^H 

Hj'^|ic?r     • 

510171, 

4jja  14  27  a 

i     7  5>  Ji 

1  is  56 

6  ro  21     4           ^^^H 

^H&'tUlQ 

9S4C-2 

1    7S9     1  5*   »' 

j   ij  11  11 

2  19  iO 

s  18  9  7       ^H 

^Hfi«Oir.  Si<^ti»  1 1  'jf"^  '  R- 

>^?       i^T.f    i^h 

<    »i  tl   ?t 

0  4S   10    n    T**     ft  4i                   ^1 

Rn'olulion  on  it's  own  axis  according  to 

Motion  on  it's  axl«^              V 

^—^                         our  days. 

miles  per  hour*          ^^H 

w 

days. 

h.    min. 

■ 

■^Sun      - 

^5 

6 

3.957        ^M 

Mercury 

un 

cnown. 

unknown,           ^^M 

•  Venus     - 

23 

22  ' 

^H 

Farth      - 

23 

!  56 

4 

^M 

Mars 

H 

3' 

■ 

Jupiter  - 

9 

56 

25.92c)          ^H 

^Kiturn     - 

un 

cnown. 

unknown.           ^H 

Hucorgium  / 
B   Sidus     S 

unknown. 

unknown,           ^^| 

Moon     - 

27  1     7  i  43 

near  lo^             ^H 

^B       The  rotadon  of    Saturn,    agreeable    to  Dr.       ^H 

Hulhcr's  computations,  is   lo  hours,    ri|  minutes.       ^^ 

^K  difterent  refult  was,  however,  obtained,  by  takmg           I 

the  denTuy  of  Saturn,  as  ftaccd  by  M.  de  la  Lande.           1 

^Dr.  Herfchel  has  fettled  the  roution  of  Saturn'$           1 

■ing  at  10  hours,  J2  minutes^  i6  feconds.                    ^J 

^^^^K                                                                               1 
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Light  and  hei^t  in  proportion 'to 
wh^  thiB  eajth  retceives. 


Mercury 
Venus  - 
Earth  r 
Mars  «- 
Jupiter  - 
Saturn  - 
Georg.  Sid. 
Mood    -  • 


7  times  more 

double 

I 

half 

one  27th. 

one  91 

on,c  364th. 

2 


Appearance  of  the  fua 
in  proportion  to  what 
it  appears  on  the  earthy 

7  times  greater 
twic^  as  great: 
I    . 

half  as  big 
one  27th^ » 
one  91 
one  364th 
I 


Sun's  apparent  di^meter^  i  min.  41  fec^ 


'Distances  anp  apparent  Diam etsRs  of  the  $uy 

AND  PLANETS, 


Diflances  from  the  Earth. 


Sun 

Mercury 
Venus  - 
Earth  - 
Mars  - 
Jupiter  - 
Saturn  * 
Georg.  Sid. 


Moon 


Hietteft, 
mill,  of  miles 

97  i 

»33t 
o 

595-* 
i.oia- 
1.928 

miles. 
1*56.785 


i^ift.  mill, 
ofmiki. 

o 

sol 

03 -J 
20  4 

1736 


miles. 
223.211 


Mean.  mill. 
of  milet. 

96 

o 

1464 

4991 
9i6fl 
183a 


miles. 
240.000 


Appar.  Diam.  viewed 
from  the  Earth. , 


Gruitft 
/    // 

3^38 

0  11 

1  o 
o    o 

O   t2 

o  46 
o  18 

0.3.9 


Leaft.       Meaa. 
/      //  •     // 


3422 


3» 
o    5 
o  10 

o    o 

o    4 
o  31 

o  14 

03-9 


13-9 
33-36l28.55-3<>'3«  ij 


5 

7 

«7 

p 

7 
37 

U 


It  has  been  found,  that  a  cannon-ball  moves 
about  8  miles  in  one  minute,  7^4  feet  in  a  fecond; 
and  that  found  moves  about  13  miles  in  one  mi- 
nute, 1 144  feet  in  a  fecond. 

A  very  high  wind  may  make  found  move  on» 
*  mijp 
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.:inllc*in  4*  feconds,  4*".  that  is,  in  about:  one- 
twentieth  Icfs  time  than  in  calm  weather.       ■'  -^ 

The  moft  violent  ftorm  does  not  move  iBovc 
I  mile  in  a  minute,  8S  feet  in  a  fecond. 

From  hence  it  has  been  computed,that  a  body 
ifluing  from  thefun,  with  the  fwiftnefs  of  a  cannon- 
ball,  that  is,  8  miles  in  a  minute,  would  employ  the 
following  tigtie  in  reaching* 


Mercury  -    -    r 
Venu9      -    -    - 
Earth       -    -    - 
Mars  r    -    -    - 
Jupiter     -    -    - 
Saturn      -    -    - 
Georgium  Sidus  - 
Any  fixed  ftar  that  ^ 
has  been  accu-C 
fately  obferved   ) 


?* 

G 

-  ws 

^ 

2^ 

3 

years 

E  * 

■s,- 

^ 

8 

10 

6 

13 

16 

6 

8 

20 

32 

.10 

4 

21 

34 

9 

'9 

16 

118 

9 

8 

16 

217 

10 

2 

'9 

435 

4 

24 

0 

7,600,000 

'g 
18 

5« 
20 

35 
40 

16 

40 


A  ray  of  light  comes  from  the  fun  to  the  earth 
ta8  min.  13  fee.  moves  therefore  11,693,462  miles 
in  one  minute,   194,891  miles  in  one  fecond. 
[       A  ray  of  light  comes  from  the  moon  in  i  fei. 
trondt.  23***- 

From  the  very  accurate  obfervations  of  Dr. 
Bradley,  it  is  inferred,  that  no  fixed  ftar  of  the 
neat  numbers  obferved  by  him,  can  be  at  a  left 
diftance  from  the  earth  than  about  400,000  difi- 
tances  of  the  fun  from  the  earth  •  fo  that  a  ray  of 
li^ht,  which  comes  to  the  earth  in  eight  mihute^^ 
tmrtcen  feconds,  ifluing  from  fuch  a  flrar,  muft  re*, 
quire  6  years  and  3  months  to  reach  the  earth. 

The 
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The  following  may  therefore  be  confidered  as 
proportionable  diltanccs  of  the  celeftial  bodies 
from  the  fun. 


Mercury    - 
Venus    -    - 
Earth    -    - 
Mars     •    - 
Jupiter 
Saturn    -    - 
Georg.  Sidus 


28  yards, 
52  yards* 
79  ditto. 

109  ditto. 

273  ditto. 

684  ditto. 
1357  miles. 


Moon  6  y  inches  from  the  earthy  Syrius  8410  miles. 


Proportiona;,  Magnitude. 


Sun  -  - 
Mercury  - 
Venus    - 

Earth     -    - 
Mars     -     - 
Jupiter      - 
Saturn  -     - 
Georg.  Sidus 


2  feet  in  diameter. 
iV  of  an  inch. 
4  of  an  inch. 

T  — S- 

y         X0O« 

^'_  of  an  inch. 

2i  inches. 
2  j^  inches, 
about  I  inch. 


The  diftanc^ of  Syrius  is  18,717^442,690,526 
miles.  A  cannon-ball  going  at  the  rate  of  19.05 
miles  per  minute,  would  only  reach  it  in  about 
1,868,307  years,  88  days,  24  hours.  The  circum- 
ference of  it's  orbit  is  1 17605 1 62^3^145 4  ;  if  the 
ftar  moved  through  this  fpace  in  24  h'ours,  it  muft 
go  361 170863  •}  miles  per  fccond. 

Such  is  the  immcnfe  diftance  even  of  a  ftar  of 
the  firft  magnitude,  that,  fuppofing  the  world  to 
have  exifted  6000  years,  and  the  diftance  to  be  re- 
duced to  311  i,  or  311  ;i33  inches,  or  25  feet  ij 
inches,  then  a  cannon-ball,  going  at  the  rate  of  1 1 43 

miles 
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miles  per  hour»  and  fet  in  motion  at  the  creation 
of  the  world,  would  now  have  pafled  only  o^^inch 
of  that  reduced  fpace  ;  becaufe  one  inch  bears  the 
feme  proportion  to  31 1.3  as  the  diftancc  which  the 
ball  would  go  in  6doo  years  does  to  the  whole  dif- 
tance  of  the  ftar.     So, 

If  a  cannon-ball  goes  i  inch  in  6000  years,  how 
far  will  it  go  in  1868307? — Anfwcr,  Z^^^ZZZ^  ^^ 
^5  feet,  II  inches.     Or, 

If  a  cannon-ball  goes  18717442690526  miles 
in  1868307  years,  how  far  will  it  go  in  6000? — 
Anf.  601 10386645,  which  number  is  to  i87i7,&c. 
as  I  inch  is  to  3ii.333. 

By  the  fame  rule,  if  we  fuppofe  a  ftar  of  the 
fecond,  third,  tenth,  one-hundredth  magnitude,  it's 
diftance  will  be  proportionably  great,  and  the  fpace 
gone  through  proportionably  fmall ;  that  is,  in  the 
iaine  time  the  ball  would  have  gone  only  one-half^ 
one-third,  one-tenth,  one  hundredth  of  an  inch. 
With  refpedt  to  a  ftar  of  the  third  magnitude, 
it  would  now  have  paiTed  through  a  fpace  =  one 
barley  corn ;  with  refpcct  to  one  of  the  four-hun- 
dredth, not  the  fpace  corrcfponding  to  one  hair's 
breadth,  reckoning  400  hairs  ==  one  inch. 

This  fuppofcs  that  a  ftar  of  the  third,  tenth, 
four-hundredth  magnitude,  is  3,  10,  400  times  as 
diftant  as  one  of  the  firft  ;  and  we  may  alfo  fup- 
pofe that  a  ftar  which  cannot  be  fccn  but  with  a 
power  of  100,  1000,  6:c.  is  ico  and  1000  times 
more  diftant  than  one  which  the  naked  eye  can  jult 
difcover. 

The  diftance  of  a  ftar  of  the  fecond  magnitude 
18  3743488538 1053  i  miles  ;  the  diameter  of  it's 
orbit  =  74809770762  J  07. 

The  circunitercncc  of  it's  orbit  235210325- 

276908.7;  a  degree  ot    this  is   653362014658  ;  a 

minute,  108 ^'93o69 10.75  >  ^  l^conU,  181489448  ^. 

A  cannon-ball  would  require  6j;2i6  years,  86  days, 

I  6  hours. 
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6  hearty  lytninutes^  13  fecoiMis^  t6  go  through  oifi 
degree  of  this  orbit ;  1 086  yearsj  343  daysj  3  oouisi 
30  minutes^  17  feconds,  topafs  through  one  mimute^ 
and  1 8.  years^  4a  d&ys^  4  hoursj  50  ininutes^  30 
feconds^'  to  go  Over  one /ecorid  of  it. 

The  diftance  between  i  and  $  in  Orion*s  beit« 
is  I  degree^  23  minutes,  12  feconds* 

Between  i  and  f    -        •-        121       9  ' 
'  BetweeaSandC     -^        ^        2    44'    21 

Now  taking  the  whole  years,  and  -  ncgledii^ 
the  fradions  of  the  above  numbers  652 161 086^  &€• 
184  a  cannon-ball  would  be  9041  o  years  in  pofling 
from  i  to  B,  881  St4  in  going  from  <  to  (,  and  1 78594 
from  >to  ?• 

So  liicewife  the  dtftance  between  rand  fi,  utfa 
majon  or  the  two  hind  wheels  of  the  placeftrwrn^  is 
5*  13  miles,  20  feconds,  which  a  cannon-ball 
would  require  35 141 8  years  to  pafs  over.    • 

This  evidently  fuppofes,  that  ail  ftars  of  equal 
magnitude  are  equally  diflant,  (not  that  this  is  cer^ 
tain^  or  even  probable  ;  but  feme  data  mufl  be  af-* 
fumed,)  and  though  not  accurate,  equally  (hew  the 
wonders  of  God's  creation. 

The  diameter  of  the  earth  being  7.920  miles^ 
the  furface  in  round  numbers  may  be  called  200 
millions  of  fquar e  mi  les. 

Millions. 

Thefurface   -     200  1  Of  that  40,  America  is 
Whereof  the  fea  >  ^  jg^    I    H>  about  |;  Afia  ir, 
occupies         \  *  I    about  i;  Africa  10,  J; 

The  land    -    -    i    40  %)    Europenot5,  not -J. 


Place 
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Mercury 
Venus   - 
Mar&     - 
Jupiter  - 
Saturn     - 
Geox^.  Sid. 


Place  of  the  nodes  for  1 750. 
(tga.  deg.  mm.rec. 

1  IS  20  43 

2  14  26  18 
I  17  38  38 

3  7  55  3^ 
3  21  32  22 

3  "  33  31 

Inclination  of 
Mercury  - 
Venus     - 
Mars    - 
Jupiter    - 
Saturn     - 
Georg.  Sid. 


Annual  motion  of  the  nodeib 
min.  fee* 

7    o 


19 

22 

H 
j6 


the  orbiti. 
700 

23  35 
5£      O 

18  56 

19  SO 


1 

2 

5 
9 
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I  (hall  conclude  this  general  furvcy  of  the  fo- 
lar  fyftcm  in  the  words  of  that  excellent  mathema- 
tician^ Mr.  Maclaurin.  The  view  of  nature,  which 
is  the  immediate  objedl  of  fenfe,  is  very  imperfeft, 
and  of  fmall  extent ;  but  by  the  afliftance  of  art, 
and  the  aid  of  reafon,  becomes  enlarged,  till  it  lofes 
itfclf  in  infinity.  As  magnitude  of  every  fort,  ab- 
.ftrafledly  confidered,  is  capable  of  being  increafed 
to  infinity,  and  is  alfodiviliblc  without  end;  fowc 
find,  that  in  nature  the  limits  of  the  greateft  and 
leaft  dimenfions  of  things  are  actually  placed  at  an 
immenfe  diftance  from  each  other. 

**  We  can  perceive  no  bounds  of  the  vaft  cx- 
pan(e,  in  which  natural  caufes  operate,  and  fix  no 
limit,  or  termination,  to  the  univerfe.  The  objeds 
we  commonly  call  great,  vanifh,  when  we  contem- 
plate the  vaft  body  of  the  earth.  The  terraque- 
ous globe  itfelf  is  loft  in  the  Iblar  fyftem ;  the  fun 
itfelf  dwindles  into  a  ftar;  Saturn's  vaft  orbit,  and 
all  the  orbits  of  the  comets,  crowd  into  a  point, 
when  viewed  from  numberlefs  places  between  the 

2  earth 
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earth  and  the  neareft  fixed  ftars.  Other  funs  kindle 
to  illuminate  other  fyftems^  where  our  fun's  raya 
are  unperceived;  but  they  alfo  are  fwaliowed  up  in 
the  vaft  expanfe«  When  tvc  have  rifen  fo  high^ 
a3  to  leave  all  definite  meafures  far  behind  uSj  we 
find  ourfclves  no  nearer  to  a  term^  or  limit* 

**  Our  views  of  nature^  however  imperfed^ 
fervc  to  reprcfent  to  us,  in  a  moft  fenfible  manner^ 
that  mighty  power  which  prevails  throughout^  ac« 
ting  with  a  force  and  efficacy  that  fuffers  no  dimi* 
nut  ion  from  the  greateft  diftances  of  fpace  or  in* 
tcrvals  of  time;  and  to  prove  that  all  things  are  or- 
dered by  infinite  wifdom^  and  perfeA  gooduefs. 
Scenes  which  fliould  excite  and  animate  us  to  cor- 
refpond  with  the  general  harmony  of  nature*'* 
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^PtAKATlON  dip  tHE  SeASONS,  XND  OTHER  PrfENO* 
HMA,  ON  THE  GoPERNICAN  SySTSM. 

I  AM  now  going  to  coniidcr  the  earth  as  i  plating 
having  already  given  you  an  outline  of  the  folar 
'  fyfVetn,  of  which  the  fun  is  the  center,  with  the 
fevcn  planetary  globes  revolving  in  their  refpec^tiye 
orbits  around  hitn.  The  earth  we  inhabit  is  one 
of  thcfe  fcven  revolving  planets,  and  completes  it's 
revolution  in  365  days,  5  hours,  49  minutes,  which 
conftitutes  our  year?  for  it  is  by  this  progreffion 
or  annual  motion  of  the  eirth,  that  our  year  is  mea- 
fured.  But  befides  this,  in  the  fpace  of  24  hours  it 
makes  one  complete  revolution  on  it^s  axisi  by 
which  motion  day  and  night  are  alternately  occa- 
fioned  all  over  the  world.  To  explain  the  pherio- 
mena  on  thcfe  principles,  and  to  remove  objec- 
tions and  difficulties,  will  be  the  fubjeft  of  this 
Ledlure  1  and,  firft  of  all,  it  will  be  neceffary  to 
prove  to  you  the  globular  form  of  our  earth. 

Of  the  Shape  or  Figure  or  the  Earth. 

i  hive  already  obfervcd,  that  the  appearance 
of  th^  heavenly  bodies  is  not  the  fame  to  the  inha- 
bitants of  various  parts  of  the  earth ;  that  the  fun, 
the  moon,  and. the  liars,  rife  and  fet  in  Greenland 
in  a  manner  very  different  frotn  what  they  do  in 
the  Eall  Indies,  and  in  both  places  very  ditFcrent 
frpm  what  they  da  in  England  :  and  as  it  was  na* 
.      .Vol.  IV.  E  tural 
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tural  to  attribute  the  caufe  of  this  change  in  the] 
apparent  face  of  the  heavens,  to  the  figure  of  it 
earthy  (for  appearances  muft  ever  anfwer  to  th 
form  and  ftrufture  of  the  things,)  the  nature  of  thiil 
figure  was,  therefore,  one  of  the  firft  objcdb  of  iiwi 
quiry  among  philofophers  and  aftronomers. 

Some  (ages  of  antiquity  concluded,  that  the] 
earth  muft  neceffarily  be  of  a  (phcrical  figure,  bc-J 
caufe  that  figure  was,  on  many  accounts,  the  moft  ' 
convenient  Tor  the  earth,  as  an  habitable  world : 
they  alfo  argued,  that  this  figure  was  the  moft  na- 
tural, becaufe  any  body  expofed  to  forces,  whidi 
tend  to  one  common  center,  as  is  the  cafe  with  the 
earth,  would  neceiTarily  alTume  a  round  figure.  The 
aflent,  kowever,  of  the  modern  aftronomers  to  this 
truth,  was  not  determined  by  fpeculative  reafoap 
ing;  but  on  evidence,  derived  from  fa8s  and  ac^ 
tual  obfervation.     From  thcfe  I  Ihall  feieft  thofc 
Arguments,  that  I  think  will   have  the  greateft 
weight. 

It  is  known,  from  the  laws  of  optics  and  per- 
fpeftive,  that  if  any  body,  in  all  lituations,  and 
under  all  circumftances,  projects  a  circular  Jhadow^ 
that  body  mult  be  a  {j;lobc. 

It  is  alfo  known,  that  cclipfes  of  the  moon  arc 
caiifcd  by  the  flisldovv  of  the  earth. 

And  wc  find^  that  u  hcthtr  the  fhadow  be  pro- 
jcded  towards  the  caft  or  the  weft,  the  north  or 
the  fouth,  under  every  cireumftancc /7  is  circular  : 
the  body,  therefore,  that  cafts  the  fliadow,  which  is 
the  earth,  muft  be  of  a  'globular  figure. 

You  M  ill  obtain  another  convincing  proof  of 
the  globular  fliape  of  the  earth,  by  inquiring  in 
what  manner  a  perfon  ftanding  upon  the  coaft  of 
the  fea,  and  waiting  for  a  veflTcl  which  he  knows  is 
to  arrive,  fees  that  vclTcl.  We  (hall  find,  that  he 
iirti  of  all,  and  at  the  greateft  diftance,  fees  the  top 
sf  the  malt  rifing  out  of  the  water;  and  the  ap- 

pcaram 
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nee  is,  as  if  the  {hip  was  fwallowed  up  in  the 
er.  As  he  continues  to  obfcrve  the  objed:, 
and  more  of  the  mafl  appears  ;  at  length  he 
ins  to  fee  the  top  of  the  deck,  and  by  degrees 
whole  body  of  the  vefTcl*  On  the  other  hand^ 
ihc  fhip  be  departing  frotn  us,  we  firft  lofe  fight 
"lohull,  at  a  greater  diftance  the  main-fails  dif- 
and  at  a  flill  greater  the  top-fail.  But  if 
ace  of  the  fca  were  a  plane,  the  body  of  the 
being  the  largeft  part  of  it,  would  be  fcen 
,  and  from  the  greatcft  diflance,  and  the  mails 
Id  not  be  viiible  till  it  came  nearer* 
To  render  this,  if  pofliblc,  ftill  clearer,  let  us 
Confidcr  two  iTiips  meeting  at  fea,  the  top-maft  of 
each  arc  the  parts  firft  difcovered  by  both,  the  hull, 
ice,  being  concealed  by  the  convexity  of  the  globe 
ich  rifes  between  them-  The  llups  may,  in 
_  inftance,  be  refemblcd  to  two  men,  who  ap- 
proach each  other  on  the  oppoflte  fuies  of  a  hill ; 
their  heads  will  be  firft  fcen,  and  gradually,  as  they 
approach,  the  body  will  come  entirely  in  view. 
From  hence  is  derived  a  rational  method  of  efti- 
mating  the  diftance  of  a  ftiip,  which  is  in  ufc 
imong   fea-faring  people,  namely,  of  obferving, 

iOW  LOW    TilHV^    CAN   BRING   HliU   DOWN;    that    JS   tO 

%,  the  man  at  the  maft-head  fixes  his  eyes  on  the 
veffel  in  fight,  and  flowly  dcfcends  by  the  ftvrowds, 
till  Ihe  becomes  no  lunger  viftble.  The  Icfs  the 
diftance^  the  louer  he  may  defcend  before  (lie  dif- 
appears.  If  obfcrvations  of  this  kind  be  made 
«ith  a  tclefcopc,  the  effecT:  is  (lill  more  remarka- 
ble; a&  the  dillance  incrcafes  or  diminiOies,  the 
fliip  in  fight  ^^ill  appear  to  become  more  and 
more  imnierfcd,  or  to  rife  gradually  out  of  the 
#alcr, 

his  truth  is  alfo  fully  evioced  by  the  following 

Jdcration  ;    that  ftiips  have   failed  round  the 

h,  have  gone  out  to  the  weft  ward,  and  have 

E  2  come 
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come  home  from  the  caftward;  cr  in  other  wtmk^ 
the  (hips  have  kept  the  fiune  courfe,  and  yet  M* 
corned  from  the  oppofice  fide  into  the 
ivhence  they  firft  failed.  Now  we  are  cci 
this  could  not  be  the  cafe^  if  the  eardi  vcie  s 
plane ;  for  then  a  pcrfon^  who  ihould  let  out  far 
any  one  point,  and  go  on  ftnit  forwaid^  withiwr 
(toppings  would  be  continually  going  fiiithi 
the  point  from  which  he  fet  out. 

Fig.  1  and  a.  pi,  2,  are  illuftrations  of  the  ftrie- 


going  principles.  Fig.  i,  ihews  that  if  the  cudi 
was  a  plane^  the  whole  of  a  (hip  would  be  ienai 
once,  however  diftant  from  the  fpefiator,  and  tfati« 


whether  he  be  placed  at  the  top  or  bottriol  of  4 
hill.    From  fig.  2,  it  appears,  that  the  rotuadky 
the  earth,  rq>refented  by  the  circle  ABC,  cckice 
the  lower  part  of  the  ihip  d,  while  the  top-4iiaft 
ftill  vifible ;  and  that  it  is  not  till  the  flup  '^^ 
to  e  that  the  whde  of  it  is  vifible. 

The  following  remarks  evince  the  fiune  truth* 
Obfcrvc  any  ftar  near  the  northern  part  of  the  ho- 
rizon^ and  if  you  travel  to  the  fouth^  it  will  feem.to 
dip  farther  and  farther  downwards^  till  by  proceed- 
ing on^  it  will  defcend  entirely  out  of  fight.  Ift 
the  mean  time,  the  flars  to  the  fouthward  of  our 
traveller  will  feem  to  rife  higher  and  higher.  The 
contrary  appearances  would  happen,  if  he  went  to 
the  northward.  This  proves  that  the  earth  is  nott 
plane  furface,  but  a  curve  in  the  diredlion  fiHith 
and  north.  By  an  obfervation  nearly  fimilar  to 
this,  the  traveller  may  prove  the  curvature  of  the 
earth,  in  an  eaft  and  vrcft  dircdlion. 

The  globular  figure  of  the  earth  may  be  alfo 
inferred  from  the  operation  of  levelling,  or  the  art 
of  conveying  water  from  one  place  to  another: 
for  in  this  procefs,  it  is  found  neceffary  to  make  afl  1 
allowance  between  the  true  and  apparent  level i.ii 
or  in  other  words,  for  the  figure  of  the  eaith*    i?^ 


On  Astronomy*  53 

c  true  level  is  not  a  ftrait  line,  but  a  curve  which 
Us  below  the  Ilrait  line  about  eight  inches  in  a 
ile,  four  times  eight  in  two  miles,  nine  times 
ght  in  three  miles,  fixtcen  times  eight  in  four 
iles,  always  increaQng  as  the  fquare  of  the  dif- 
nce. 

What  the  earth  lofes  of  it's  fphericity  by 
lountains  and  vallies,  is  very  inconfiderable ;  the 
ghcft  eminence  bearing  fo  little  proportion  to 
's  bulk,  as  to  be  fcarcely  equivaleat  to  the  mi- 
itcft  protuberance  on  the  furface  of  a  lemon. 

It  is  proper,  however,  to  acquaint  you,  that 
kough  we  call  our  earth  a  globe,  and  that  when 
leaking  in  general  terms,  it  may  be  confidered  as 
ich  ;  yet  in  the  ftridnefs  of  truth,  it  mull  be  ob- 
rved,  that  it  is  not  exaftly  and  perfedly  a  fphcrc, 
jt  is  2i  fpheroid,  flattened  a  little  towards  the  poles ^ 
id /welling  at  the  equator  ;  the  equatorial  diameter 
^ing  about  thirty-four  miles  longer  than  the  dia-^ 
letcr  from  pole  to  pole. 

Of  the  Diurnal  Motion  op  the  Earth, 

Though  It  is  this  motion  which  gives  us  the 
rateful  viciffitude  of  day  and  night,  adjufted  tor 
ic  times  of  labour  and  reft  ;  yet  moft  people  find 
)me  difficulty  in  conceiving  that  the  earth  moves; 
ic  more  fo,  becaufe,  in  order  to  allow  it,  they 
luft  give  up,  in  a  great  meafurc,  the  evidence  of 
leir  exterior  fenfes,  of  which  the  imprclfions  arc 
icceeding  ftrong  and  lively.  It  will,  therefore,  be 
eceffary  to  prove  to  you,  that  you  can  by  no  means 
ifer  that  the  earth  is  at  reft,  bccaufc  it  appears  to 
c  fo,  and  to  convince  you  by  a  variety  of  fa^fs^ 
hat  reafon  was  given  to  corred  l^hc  fallacies  of  the 
ftj/es. 

Tq  this  end  we  fnall  here  point  out  fomc  in^ 
K  3  ftaaccs^ 
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Ilancesj  where  apparent  motion  is  produced  in  a 
body  at  reft,  by  the  real  motion  of  the  fped^tor* 
Let  us  fuppofe  a  man  in  a  (hip  to  be  earned  aloi^ 
by  a  brifk  gale,  in  a  diredlion  parallel  to  a  (hore,  at 
no  jgreat  diftance  from  him;  while  he  keep* hit 
eye  on  the  deck,  the  maft,  the  fails,  or  any  thing- 
about  the  (hip ;  that  is  to  fay,  while  he  fees  no- 
thing but  fome  pare  of  the  veflel  on  board  of 
which  he  is,  and  confequently  every  part  of  which 
moves  with  him,  he  will  not  perceive  that  the  (hip 
moves  at  all.     Let  him,  after  this,  look  to  the 
fhore,  and  he  wilt  fee  the  houfes,  trees^  and  hills^ 
run  from  him  in^  a  direiflion  contrary  to  the  mo- 
tion of  the  veiTd ;  and  fuppofing  hini  to  have  re- 
ceived no  previous  information  on  this  fubjeA^  he 
might  naturally  conclude,  that  the  apparent  motion 
of  thefe  bodies  was  real. 

In  a  (imilar  (ituation  to  this,  we  may  conceive 
the  inhabitants  of  the  earth ;  who,  in  early  times^ 
knowing  nothing  of  the  true  ftrufture  or  laws  of 
the  univerfe,  faw  the  fun,  the  ftars,and  the  planets, 
rife  and  fet,  an^  perform  an  apparent  revolution 
about  the  earth.  They  had  no  idea  of  the  motion 
of  the  earthy  and  therefore  all  this  appearance 
feemed  reality.  But  as  it  is  highly  reasonable  to 
fuppofe,  that  as  foon  as  the  flightcft  hint  fliould  be 
givTcn  to  the  man,  of  the  motion  of  the  velTcl,  he 
would  begin  to  form  a  new  opinion,  and  conceive 
it  to  be  more  rational,  that  fo  fmall  a  thing  as  the 
fliip  fliould  move,  rather  than  all  that  part  of  the 
earth  which  was  open  to  his  view  ;  fo,  in  the  fame 
manner,  no  fooncr  was  an  idea  formed  of  the  vaft 
extent  and  greatnefs  of  the  univerfe,  w  ith  refpeft 
to  this  earth,  than  mankind  began  to  conceive  it 
would  be  more  rational  that  the  earth  fliould  move, 
than  the  whole  fabric  of  the  heavens. 

By  another  faniiliar  inflancc,  it  will  bccafy  to 
fhcw  you,  that  as  the  eye  does  not  perceive  ic'k 

own 
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own  motion^  it  always  judges  from  appearances. 
Go  into  a  common  windmill,  and  dcfire  the  mil- 
ler to  turn  the  mill  round,  while  you  arc  fitting 
within  it  with  yoiir  eyes  fixed  on  the  upright  poft 
in  the  center  thereof;  this  poft,  ibongb  at  rejl^  will 
appear  to  you7o  turn  round  with  confiderable  velo- 
city, the  real  motion  of  the  mill  being  the  caufcof 
the  apparent  motion  of  the  fwivel  poft. 

Sea-faring  people  arc  furnilhed.  with  various 
inilances  to  ilhiftratc  this  fiibjed:;  thofe  who  are 
bufy  in  the  hold  of  a  fliip  at  anchor,  cannot  by  any 
perception  determine  whether  the  ftiip  has  fwung 
round  or  not  by  the  turn  of  the  tide.  When  a 
flup  firft  gets  under  way  with  a  light  breeze,  flic 
may  be  going  at  a  good  rate  before  thofe  who  are 
between  decks  can  perceive  it.  Having  thus  ob-* 
viated  the  objedlions  which  arifc  from  the  tefti- 
mony  of  the  fenfes,  we  may  now  proceed  to  coq- 
fider  the  arguments  which  tend  more  diredly  to 
prove  the  motion  of  the  earth. 

All  the  celeftial  motions  wi[J,  on  this  fuppo- 
(ition^  be  incomparably  more  fimple  and  mode- 
rate. 

-This  opinion  is  much  more  agreeable  to  our 
notions  of  final  caufes,  and  our  knowledge  of  the 
oeconomy  of  nature;  for  if  the  earth  be  at  reft,  and 
the  ftars,&c.  move  round  it  once  in  24  hours,  their 
velocity  muft  be  immenfe ;  and  it  is  certainly 
more  agreeable  to  reafon,  that  one  linglc  body, 
and  that  one  of  the  fmalleft,  flioujd  revolve  on  it*s 
own  axis  in  24  hours,  than  that  the  whole  univerfe 
ftiould  be  carried  round  it,  in  the  fame  time,  with 
inconceivable  velocity. 

The  rotation  of  the  earth  round  it's  axis  is 
analogous  to  what  is  obfcrvcd  in  the  fun,  and  moft 
of  the  planets  ;  it  being  highly  probable,  that  the 
^arth,  which  is  itfelf  one  of  the   planets,  fliould 

E  4  have. 
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have  the  fame  motion  as .  they  have»  for  prbddcni^ 
the  fame  effejfl :  and  it  would  be  as  abfurd  liim  to  - 
contend  for  (he  motion  of  the'  whole  faeiVdiir 
'  round  us  in  24  hour8>  rathef  thgn  a|ioW  sr  4^utii4 
motion  tppurj^lobe,  as  it  would  be  for  the  inM* 
biunu  of  Jupiter  to  inlift  that  our  globe^  iafid  dM( 
yrholp  heavens^  muft  revolve  rpund  theAi'  hi  td^ 
hours^  that  all  it's  parts  might  fucceffivdy  cnhqr 
jfhe  light^  rather  than  grant  4  diufnal  motion  to 
thc|r  h^bitafion. 

All  the  phenopnena  rehtive  to  this  fubjicA  art 
as  eafily  folved  on  the  (upppfitipn  of  thie  iidrth*| 
j^ufiial  motion^  as  on  the  contrary  hyppthefi^ 

Be^des  the  foregoing  connderaticrnsj  tHejte  ere 
feveral  arguments  to  be  deduced  from  fhp  liighcf 
parts'of  aftronomy»  whi^h  demonfirqbly  prpVfi  tfie 
^iurnal  motfofi  of  the  earth. 

Pf  T1|E  PifENpMPNA  OpCA«ION^P  9Y  TlfS  JEARTH-f 

PiuRNAt  Rotation. 

As  the  earth  \^  of  a  fpherical  figure^  that  part 
>vhich  at  ax^y  time  comes  under  the  confined  view 
pf  an  obferver,  will  feem  to  be  extended  like  a 
plane ;  and  the  heavens  will  appear  as  a  concave 
fpherical  fupcrficic?  divided  by  the  aforefaid  plani 
in  two  parts,  one  oif  which  is  concealed  from  us  by 
the  opacity  of  the  earth. 

jkpw  the  earth,  by  it's  revolutioi^  roun^  it** 
axis,  carries  the  fpeUator  and  the  aforejaid  plant 
from  wefi  to  eaft  ;  therefore  all  thofe  bodies  which 
could  not  be  fecn  bpcaufe  they  were  below  th^ 
plane  of  the  horizon,  will  become  vifible,  or  rifc 
^bove  it, '  when,  by  the  rotation  of  the  earth,  the 
horizon  ftnks  as  it  were  below  them.  On  theother 
hand,  the  oppofitc  part  of  the  plane,  towards  tht 
•      '  weft- 
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weft,  riling  above  the  fl»rs  on  that  fide,  will  hide 
them  from  the  fpedator,  and  they  will  appear  to 
fet,  or  go  below  the  horizon. 

As  the  earth,  together  with  the  horizon  of  a 
fpe<5lator,  continues  moving  to  the  eaft,  and  about 
the  lame  axis,  all  fuch  bodies  as  are  feparated  from 
the  earth,  and  which  do  not  partake  of  that  mo- 
tion, will  feem  to  move  uniformly  in  the  fame 
time,  but  in  an  oppofite  direction,  that  is,  from  * 
MST  TO  WEST;  excepting  the  celcftial  poles,  which 
will  appear  to  be  at  reft.  Therefore,  when  we  fay, 
that  the  whole  concave  fphere  of  the  heavens  ap- 
pears to  turn  round  upon  the  axis  of  the  world, 
whilft  the  earth  is  performing  one  rotation  round 
it's  own  axis,  we  muft  be  undcrftood  to  except  the 
two  poles  of  the  worjd,  for  thefe  do  not  partake  of 
this  apparent  motion. 

It  is,  therefore,  on  account  of  the  revolution 
of  the  earth  round  it's  axis,  that  a  fpedator  ima- 
gines the  whole  ftarry  firmament,  and  every  point 
of  the  heaven,  (excepting  the  two  celeftial  poles) 
to  revolve  about  the  earth  from  eaft  to  weft  every 
twenty-four  hours,  each  point  defcribing  a  greater 
or  lefs  circle,  as  it  is  more  or  Icfs  remote  from 
one  of  the  celeftial  poles. 

Although  every  place  on  the  furface  of  the 
terraqueous  globe  is  illuminated  by  all  the  ftars 
which  are  above  the  horizon  of  that  place ;  yet 
when  the  fun  is  abov%the  horizon,  his  light  is  fo 
ftrongy  that  it  quite  extinguiftiej;  the  faint  light  of 
the  ftars,  and  produces  day.  When  the  ///;/  goes 
below  the  horizon,  or  more  properly,  when  our 
horizon  gets  above  the  fun,  the  ftars  give  their 
Jight,  and  we  are  in  that  ftate  which  is  called 

SIGHT. 

Now  as  the  earth  is  an  opake  fpherical  body, 

at 
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at  a  great  drftancc  from  the  fun>  oke  hacf  of  jt 
vill  always  be  illuminated  thereby,  while  the  other 
half  will  remain  in  darknefs. 

The  circle  which  dillinguiihes  the  illuminate^ 
face  of  the  earth  from  the  dark  fide^  and  is  the 
ffoundzry  between  light  and  darkqefs,  is  generally 
called  the  terminator.  A  line  drawn  trom  the 
center  of  the  fun  to  the  center  of  the  ea|-th^  is  per- 
pendicular tp  the  plane  of  this  circle* 

..  When  any  point  in  the  globe  firft  getj  into 
the  enlightened  hemifphere,  the  fun  is  juft  riiento 
that  part ;  when  it  gets  half-way,  or  to  it*s  great- 
eft  diftance  from  the  terminator,  it  is  then  noon  ^ 
and  when  it  leah^es  the  enlightened  hemifphere,  it 
is.  then  sun-set  ;  but  it  ftiti  enjoys  fome  light 
from  the  fun,  which  is  reflcdcd  by  the  atmo^ 
fphere,  till  it  gets  eighteen  degrees  beyond  the 
terminator;  this  glimmering  light  is  called  twh 

I.IGHT,, 

Of  THE  Correspondence  of  the  Celestial  and 
Terrestrial  Circle. 

As  the  earth  daily  revolves  on  it's  axis,  every 
point  on  it's  furface  is  fuccelTively  prefented  to  all 
the  points  in  the  heavens,  dcfcribing  circles  whof? 
planes  are  perpendicular  to  it's  axis,  and  their  cen- 
ters therein ;  whence  it  foUpws,  that  thofe  planes 
are  parallel  lo  each  other,  md  may  be  conlidered 
as  the  elements  of  a  fphere. 

Tbcrcfore  all  the  Jiars  mnjl  fccm  to  turn  every 
day  uniformly  about  ibc  earth* s  axis,  and  in  parallel 
circles,  as  though  they  zvcre  placed  in  the  concavity 
of  ajphcre  to  ivhi.cb  the  earth  is  concentric. 

The  two  points  at  the  extremities  of  the  earth^5 
axis  whereon  it  turns,  arc  the  only  points  of  it's 

furfi^cft 
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furfacc  that  do  not  change  their  places ;  evenr 
other  point  defcribcs  a  circle  greater  as  it  is  far- 
ther diftant  from  thofe  fixed  points  or  poles. 

In  the  heavens,  therefore,  there  muft  be  two 
points^  P  Q,  jig.  3,  pL  2,  that  appear  fixed,  wherein 
a  Ihur  can  have  no  apparent  motion  ;  thefc  points 
arc  determined  in  the  heavens,  by  prolonging  the 
axis  of  the  earth ;  thefe  are  the  poles  0/  a  great  • 
circle  of  the  celeftial  fphere,  formed  in  the  heavens 
by  continuing  the  plane  of  the  terreftrial  equator,  • 
and  all  the  liars  will  appear  to  turn  round  thefe 
two  poles. 

Thus  the  axis  pq,  of  the  earth  pc  q  z,  fif;.  3, 
pi.  2,  are  the  poles  of  a  great  circle  ETZ  of  the 
celeftial  fphere,  formed  in  the  heavens  by  continu- 
ing the  plane  of  the  terreftrial  equator  e  z  z,  and  all 
the  ftars  will  appear  to  turn  round  the  two  poles 
P>  Q>  or  rather  round  the  axis  P  Q.  Let  P  reprc- 
fcnt  the  north  pole,  Q  the  fouth  pole. 

.  If  through  the  center  of  the  earth  C,  and  any 
point  m  on  it's  furfacfc,  a  right  line  C  m  be  fup*. 
pofed  prolonged  to  the  heavens,  the  exticmity  M 
of  that  right  line  will,  by  the  earth's  diurnal  rota- 
tion, defcribe  the  celeftial  parallel  L  M  M  L,  an- 
fwering  to  the  terreftrial  parallel  Imml  of  the 
point  m.  And  if  CM  be  fuppofcd  to  be  pro- 
longed on  the  other  iide  to  the  heavens  in  T,  then 
T  will-'defcribe  in  the  heavens  a  parallel  T  T  V  V 
equal  to  the  parallel |LM  M  L,  anfwcring  to,  and 
having  the  fame  deviation  with  the  terreftrial 
parallel  ttuu. 

Hence  it  follows,  i.  That  the  plane  of  the 
celeftial  parallel  L  M  M  L,  and  that  of  the  corref- 
ppndent  parallel  1  m  ni  I,  arc  limilar  elements  of  a 
cone,  whofe  axis^  is  the  fame  as  that  of  the  earth, 
and  whofe  vertex  C  is  at  the  earth's  center..  Tbert'^ 
fore  the  plane  of  a  celcjliul  panillcl  cannot  he  the 

J\inie 
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/ame  wilb  rt^s  correfponding  terreftriat  ftraUet 
only  the  plane  (E  ZZ)  of  the  celeftial  equoHr  is 
the  fatiu  wiib  the  plane  ezz  of  the  ierreftrid 
equator. 

2.  When  in  the  earth's  diurnal  roution  a  ftar 
pafles  through  the  obferver's  zenith^  the  panlldof 
tfatt  ftar  correfponds  with  theobferver^sterreftrial 
parallel;  that  is  to  fay^  the  celeftial  poimlld  it  as 
far  diftant  from  the  celeftial  equatOTj  aathe  tertcf- 
trial  parallel  is  from  the  terreftrial  equator:  for 
then  the  line  of  the  obferver's  zenith  is  a  righc  lias 
drawn  from  the  earth's  center  through  the  oMbrver^ 
eye,  terminating  at  the  ft|ir«  and  is  the  line  that  de« 
fcribes  the  ftar's  parallel  in  the  heavens.^ 

If  therefore  the  arc  M  Z^  the  diftance  of  die 
^  M  from  the  celeftial  equator  be  meafured,  it 

g'ves  alfo  the  meafure  of  the  arc  m  z»  the  ob^ 
rver's  diftance  from  the  terreftrial  equator.  Tbere^ 
fore  the  are  of  the  ohfervtr^s  difiance  from  the  tertefm 
trial  equator^  is  cqnal  to  the  declination  of  the  fiar 
that  p^es  through  bis  zenith.  So  that  if  it  be  a 
fixed  ftar«  and  the  obferver  changes  his  place^  the 
different  declinations  of  the  ftars  that  pais  through 
his  zenith  at  the  various  places  he  comes  tOj,  will 
fliew  how  much  he  approaches  to,  or  recedes  from 
the  equator. 

It  follows,  laftly,  that  any  place  on  the  terref^^ 
trial  fpbere  may  be  repre/ented  by  it^s  correfponding 
%enith  point  in  the  beavensjmFor  the  celeftial  pa-« 
rallcl  pafllng  through  tha^oint,  reprcfcnts*  the 
terreftrial  parallel  of  the  place,  and  the  declination 
of  the  celeftial  parallel  meafuring  the  diftance  of 
that  place  from  the  equator ;  alfo  the  great  circle 
^f  the  celeftial  fphcrc  defcribed  from  that  zenith  aa 
a  pole,  denotes  the  plane  of  the  horizon  of  that 
place,  and  the  particular  phenomena  of  a  place  on 
the  earth  may  be  explained,  by  denoting  that  place 
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no    otherwife   than    by  it's  zenith  in  the  hea- 
vens. * 


Of  the  Annual  Motion  of  the  Earth. 

It  is  owing  to  the  induftry  of  modern  aftrono- 
iners>  that  the  annual  motion  of  the  earth  has  been 
fully  evinced;  for  though  this  motion  had  been 
known  to,  and  adopted  by  many  among  the  ancient 
philofophers,  yet  they  were  not  able  to  give  their 
opinions  that  degree  of  probability,  which  is  attain- 
able from  modern  difcoveries,  much  lefs  the  evi- 
dence arifing  from  tliofe  demonftrative  proofs,  of 
which  we  are  now  in  pofleflion.  I  fliall,  therefore, 
enumerate  fome  of  the  reafons  which  induce  aftro-' 
nomers  to  believe  ihat  the  earth  moves  round  the 
Jun^  and  then  explain  further  the  nature  of  this 
motion,  which  is  calculated  to  afford  us  the  ufeful 
and  delightful  variety  of  the  feafons,  the  mutual 
allay  of  immoderate  heat  and  cold,  and  the  fuccef- 
/ive  growth  and  recruit  of  vegetation. 

On  the  fuppofition  of  the  earth's  motion,  the 
celeflial  motions  become  incomparably  more  Am- 
ple, and  free  from  thofe  looped  contortions  which 
muft  be  fuppofed  in  the  other  cafe,  and  which  are 
not  only  extremely  improbable,  but  incompatible 
with  what  we  know  of  motion. 

This  opinion  \  alfo  more  reafonable,  on  ac- 
•  count  of  the  extreme  minutcnefs  of  the  earth,  when 
compared  with  the  immenje  bulk  of  the  fun,  Jupiter, 
and  Saturn;  and  there  are.no  known  laws  of  motion, 
according  to  which  fo  great  a  body  as  the  fun  can 
revolve  about  fo  fmall  a  one  as  the  earth. 

The  fun  is   the  founiuin  «f  light   and   heat, 

which 

•  The  wliolc  of  what  is  faid  under  this  head,  may  be  bcau- 
M  by  the  anniilaiy  fphcfc. 
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which  It  darts  through  the  whole  fyftem ;  it  ought, 
therefore,  to  be  in  the  cenier^  that  it's  influence 
niay  be  regularly  diffu fed  through  the  whok  hea- 
vens, and  communicated  in  juft  gradations  to  the? 
>vhoIe  fyftem. 

When  we  confidcr  the  fun  as  the  center  of  the 
fvftcm»  we  find  all  the  bodies  moving  roiind  it, 
tgrecable  to  the  univcrfal  hws  of  gravity ;  but  upon 
any  other  conlideration  wcrare  left  in  the  dark. 

The  motion  of  the  earth  round  the  furt  accords 
with  that  general  harmony,  and  univerfal  law, 
which  all  the  other  moving  bodies  in  the  fyftem 
oWerve.  namely,  that  the  Jquares  of  fhe  periodic 
fimrs  are  as  the  cubes  of  the  d'tflances  ;  but  if  the 
fun  moves  round  the  earth,  that  law  is  deftroyed, 
mul  the  general  order  of  fymmetry  in  nature  inter- 
rupt eiK 

The  annual  motionof  the  earth  is  incontefiihly 
frncsl  by  obforvation,  a  motion  haying  been  dif- 
covered  in  all  the  lixcd  ftars,  which  arifes  from  a 
rouU>ination  of  the  motion  of  light  with  the  mo- 
tiim  K\i  the  earth  in  it's  orbit. 

It  will  be  clearly  Ihcwn  in  ic'>;placd,  that  Ve- 
nus and  Mercury  nmvr  roiu\i  the  fun  in  orbits  that 
are  /e::crrf:  it  and  the  earth  ;  that  the  orbit  of  the 
earth  is  lituatcd  /r/TCcv;/  that  ot  ^Viius  and  Mars ; 
and  thai  ihe  orbits  of  Mars,  Jupiter,  ixc.  are  ex^e-- 
rior  to,  aiul  fmluJc  the  other  three. 

Ok  thk  ajm»arfnt  Motton  of  tjte  Sun,    arising 
FROM   rjd;  l'..AK'rn*s  Annual  MoriON  round  it. 

As  vvlien  a  porfV);i  faiUalonr^  the  fca  coaft,  the 
iliore,  tlu'  villa;:i's,  anvi  oihcr  remarkable  places  on 
land,  appear  lo  I  hanj^c  their  rituation,  and  to  pafs 
hy  hiu);  fo  ii  is  in  the  heavens.  To  a  fpcdator 
upon  the  earth,  as  it  moves  along  it's  orbit,  or  fails 
o«  it  were  ihioiigh  cdclUal  fpace,  the  fu 
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:s,  Sind  the  fixed  ftars,  sippear  to  change  their 
Lces. 

Apparent  change  of  place  is  of  two  (bits;  the 
c  is  that  of  bodies  at  reft,  the  change  of  whofe 
ice  depends  folely  on  that  of  the  fpeiflator;  the 
ler  is  that  of  bodies  in  motion,  whofe  apparent 
ange  of  place  depends  as  well  on  their  own  mo- 
»n,  as  on  that  of  the  fpcdtator. 

I  Ihall  firfl  confidercniy  that  apparent  change 
lich  takes  place  in  thofc  which  are  at  reft,  and 
lich  is  owing  wholly  to  the  motion  of  the  earths 
d  Ihew  that  the  fun,  w  hen  fcen  from  the  earthy 
11  appear  to  move  in  the  fame  manner,  whether 
revolves  round  the  earth,  or  whether  the  earth 
volves  round  the  fun. 

Let  us  fuppofe  the  earth  at  reft,  without  any 
Dtion  of  it's  own,  and  let  the  fun  be  fuppofed  to* 
volve  round  it  in  the  orbit  A  B  C  D,  fig.  i,  pL  4^ 
d  let  EFGH  be  a  circle  in  the  concave  fpherc 
the  rtarry  heavens;  as  the  fun  moves  in  the  order 
the  letters  A  B  C  D  in  it*s  orbit,  it  will  appear 
a  fpeciator  on  the  earth  to  have  dcfcribed  the. 
rcle  EFGH.  When  the  fun  is  at  A,  it  will  ap* 
rar  as  if  it  was  among  the  fixed  ftnrs  that  are  at  E; 
icn  it  is  at  B,  it  will  appear  anrong  the  fixed 
irsat  ¥\  when  at  G,  among  thole  at  H;  and  when 
is  at  D,  it  will  appear  among  the  fixed  ftars  at 
.  Indeed,  the  fixed  ftars  and  the  fun  are  not  feect 
the  fame  time;  but  I  haveflievvn,  that  we  mar 
11  in  what  part  of  the  heavens  the  fun  is,  or  what 
•ced  ftars  it  ts  near,  by  knowing  thofe  which  ai^ 
>pofite  to  it,  or  come  to  the  louih  at  midnight, 
herefore,  if  wc  find  tliar  any  fet  of  ftars,  as  thofq 
G  for  inftance,  come  to  the  fouLh  at  midiiighr^ 
t  may  be  fure  that  they  are  oppofite  to  the  fun  j 
id  confequencly,  if  we  coiiki  iVe  the  ftars  in  that 
•—  ^(  the  heaven  where  the  fun  is,  wc  ftiould  find, 
^^'ofcac  F. 

Secondly 
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Secondly,  let  us  fuppofc  that  S  is  the  fun^  that 

it  has  no  motinn  of  it's  own^  that   it  rells  within 

the  orbit  A  B  CD,   in  which  we  fhall  now  fuppofc 

the  earth  to  move,    in  the  order  of  the  letters  A  fl 

'  CD*     Upon  this  fuppolition,  when  the  earth  is  al 

A,   the  fun  will  appear  in  that  part  of  the  heavens 

.  where  the  ftars  H  are ;  when  the  earth  h  at  B,  the 

fun  will  appear  in  that  part  of  the  heavens  where 

the  ftars  G  are;  when   the  earth  is  at  C,   the  fun 

.    will  appear  in  that  part  of  the  heavens  where  the 

ftars  K  arc;  and  as  the  earth  revoWes  round  the 

fun,  in  the  orbit  A  B  C  D,  the  fun  will  appear  to  a 

fpedator  on  the  earth  to  defcribc  the  circle  G  H  j 

,  £F.  if 

Thus  whether  the  earth  ire  ai  reft^  and  the  fun 
revolves  in  the  orbit  A  BCDi  or  ih^fan  h  at  re/}, 
and  the  earth  revolves  in  the  fame  orbit,  a  fpce- 
tator  on  the  earth  will  fee  the  fun  dcfcribe  the  iame 
circle  EFGH,  in  the  concave  fpherc  of  the  hcA-i^ 
•vens.  *  ^ 

Hence  if  the  phne  of  the  earth *s  orbit  be  imai- 
^ined  to  be  extended  to  the  heavens,  it  would  cul 
.the  ftarry  firmament  in  that  very  circle,  in  which 
a  fpedator  in  the  fun  would  fee  the  earth  revolve 
:€very  year:  while  an  inhabitant  of  the  earth  would 
obferve  the  fun  to  go  through  the  fame  circle,  and 
in  the  fame  fpacc  of  time  chat  the  folar  fpeCtatoi 
fWould  fee  the  tai  th  defcribc  it. 

The  inhabitants  of  all  the  other  planets  will 
;obfervc  juH  fuch  motions  in  the  fun  as  we  do^  and 
:for  the  very  fame  rcafons  ;  and  the  fun  will  be  feen 
from  every  planet  to  dcfcribe  the  fame  circle,  and 
in  the  dtme  fpacc  of  time,  that  a  fpedator  in  the 
tun  would  obferve  the  planet  to  do.  For  example, 
;an  inhabitant  of  Jupiter  would  think  that  the  fun 

revolved 

♦  This  18  pleafmgly  illuftratcdby  the  armillary  fpherc*     "^ 
flie  fphcre  m^y  be  moved  independent  of  the  carthi  a 
\««rth  dlf  the  fphere« 
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jvolved  round  him,  defcribingi  circle  in  thehea- 
ens  in  the  fpace  of  twelve  years:  this  circle  would 
lot  be  the  fame  with  our  ecliptic,  nor  would  the 
Lin  appear  to  pafs  through  the  fame  ftars  which  he 
Iocs  to  us.  On  the  fame  account,  the  fun,  fccn 
rom  Saturn,  will  appear  to  move  in  another  Cir- 
:le,  diftindl  from  either  of  the  former;  and  will 
lot  fcem  to  finiihhis  period  in  lefs  rime  than  thir- 
ty years.  Now  as  it  is  impoffible  that  the  fun  can 
bave  all  thefe  motions  really  in  itfclf,  we  may  fafe- 
ly  affirm,  that  none  of  them  are  real,  but  that  they 
arc  ail  apparent,  and  arife  from  the  motions  of  the 
rcfpective  planets. 

Qnc  phenomenon  arifing  from  the  annual  mo- 
tion of  the  earth,  which  has  already  been  flightly 
touched  upon,  may  now  be  more  fully  explained  ; 
For  as  from  this  motion,  the  fun  appears  to  move 
from  weft  to  eaft  in  the  heavens,  if  a  ftar  rifes  or 
fets  alorif;  with  the  fun  at  any  time,  it  will  in  the 
rourfe  of  a  few  days  rife  or  fet  before  it,  becaufe 
:he  fun's  apparent  place  in  the  heavens  will  be  re- 
Tioved  to  the  eaftward  of  that  ftar.  Hence  thofe 
!lars  which  at  one  time  of  the  year  fet  with  the 
un,  and  therefore  do  not  appear  at  all,  Ihall  atano- 
:hcr  timr  of  the  year  rife  when  the  fun  fcts,  and 
hine  all  the  night.  And  as  any  one  ftar  Ihifts  it's 
ilacc  with  rcfped  to  l\vc  fun,  and  in  confequence 
>f  that  with  1  cfpcvit  to  the  hour  of  the  night,  fo  do 
ill  the  reft.  Hence  it  is  that  all  thofc  ftars,  which 
It  one  time  of  the  year  appear  on  any  one  fide  of 
he  pole  ftar  in  the  evening,  Ihall  in  halfa  year  ap- 
)earon  the  contrary  fide  thereof. 

From  what  has  been  faid  it  follows  in  general, 
[.  Tbdty  hi  wbuivccr  rtgards  the  fun's  piacc^  only 
vitb  re/perl  lo  the  point  in  the  heitvcns  in  ivbich  it 
appears ^  it  may  le  fnpr.ofrd  to  woi'r  in  an  ififinitily 
ireat  circle^  cailed  the  ctlipti:,  Zi-bj/c  center  is  the 
obfervrr's  eye. 

''       ^n.  F  ?.Thai 
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2.  That  the  earth* s  true  place  in  bis  9fhit  ieiug 
known,  from  obfervation  of  c^culation;  Jix  figm 
added  to  or  JubtraQed  from  itj  gives  tbp  Jun^s  tm 
place  in  the  ecliptic.  Thcricfore  the  theory  of  tfifc 
fun's  motions  feen  from  the  earthy  is  the  (ame  with 
that  of  the  earth's  motions  &en  frippi  thie  fun. 

3*  7o  an  inhabitant  on  the  earthy  the  plane  of 
the  ecliptic  is  that ^  whereto  the  annual  fnotions  oftb^ 
planets  in  their  orbits  mujl  be  naturally  compared.  la 
the  fame  manner,  a^  the  plane  of  the  equator  is  that 
whereto  the  pofitionof  the  parallels^  which  theftarf 
appear  to  defcribe  in  jconifequence  of  th.e  caith*$  di? 
urnalrevolution^  muft  alfo  be  compared.  * 

In  order  to  combine  the  fun's  ann.ual  ffiotion 
with  it's  diurnal,  you  arc  to  obferve,  that  if  tbf 
plane  of  t\>e  ecliptic  coincided  with  that  of  the  eauor 
tor,  the  fun  would,  t)y  it's  diurnal  revolutionj  ieeiQ 
fo  defcribe  every  day  the  fame  circle,  viz.  jchc 
equator ;  and  could  therefore  have  no  declination. 
!For  in  defcribing  the  ecliptic  by  it's  annual  revo.. 
lution,  the  fun  would  tKen  fucceflivcly  anfwer  fo 
all  the  ftars  in  the  equator,  conlequcntly,  it's  (diur- 
nal revolution  would  be  made  in  the  fame  circle  as 
that  of  the  flars;  but  1  have  already  obfervcd  to 
you,  that  the  funapptars  to  defcribe  daily  different 
parallels;  it  is  evident,  therefore,  that  the  plane  of 
the  ecliptic  docs  nor  coincide  with  that  of  the 
equator,  but  is  inclined  thereto. 

If  fo,  the  fun  nuift,  in  confequence  of  it's  an- 
nual motion,  defcribe  a  great  circle  N  B  T  L  N,  Jf|^* 
Ay  pi.  2,  rcprcf'enting  the  ecliptic,  and  bife<fling 
the  equator  EJJZLH.  The  fun  muft  therefore 
appra:  fomerimcs  towards  one  pole,  fomelimes  tOf 
wards  the  other  pole. 

I.  Let  us  fuppofe  that  it  is  in  B,  one  of  the 
interlections  of  the  equator  and  the  ecliptic,  it's 
diurnal  revolution  niuft  defcribe  the  equator,  and 
have  no  decimation;   as  the  fun  gradually  advances 
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the  ecliptic  from  B  towards  A,  it  appears  gra- 
dually  to  recede  from  the  equator  with  an  in- 
crcafing  northern  declination,  and  to  defcribc 
{huller  and  fmallcr  parallels,  rill  it  arrives  at  A, 
"icrc  it  appears  to  defcribc  the  parallel  AI VA, 
a.  The  fun  being  arrived  at  L,  three  figns  or 
90  degrees  from  B,  and  three  months  after  his  de* 
parturc  therefrom,  it  is  then  in  that  point  of  the 
ecliptic  the  moft  diftant  from  the  equator  at  it*s 
greated  northern  declination,  and  defcribcs  the 
foiallcft  parallel  OT. 

3.  In  the  three  following  months  the  fun  go- 
il^  from  T  to  L  draws  nearer  the  equator,  it's 
QDrthern  declination  diminilhes,  it's  parallels  aug- 
Iffent ;  fo  that  when  arrived  in  L,  the  other  inter- 
^^ion  of  the  equator  and  the  ecliptic,  it  then  has 
HBeclination,  and  that  day  again  defcribcs  the  ce* 
HPpI  equator, 

m  4^  The  Hm  after  that  palling  from  L  to  N,  en- 
Biers  the  fouth  pan  of  the  heavens,  it's  foothem  dc- 
Hdinacion  then  increafes,  and  it's  parallels  dimimlli, 
Bui  being  come  to  N,  three  figns  from  the  point  L^ 
Mft  fouthern  declination  is  then  the  grcateft,  and  it 
ucfcribcs  it's  leaft  parallel  N  D. 
H  5,  The  fun  continuing  it*s  courfe  from  N  to  B 
Hpm  draws  nearer  the  equator,  and  it's  fouthern 
Hrclinatton  diminilhes ;  fa  that  when  returned  to  B 
■  year  after  it's  departure  from  that  point,  it  is 
Ham  in  the  equator  and  without  declination,  and 
Hfieii  begins  a  new  courfe  attended  with   the  fame 

l^nomena* 

^      It  is  evident,   therefore,   that  the  fun  moving 

^^nlinua/lj  in  the  ecliptic^  (be  parallels  it  every  day 

r  iijttibes  iannoi  he  circles^  but  a  kindoffpirals,  fuch 

as  the  cuT'^ts  made  by  a  thread  wound  about  a 

fphcic*      For  after  a  diurnal  revolution,  the  fun 

<uies  not  come  to  the  fame  point  from  whence  it 

dc|)irtcd^  but  according  as  it  approached  to,  or  re-. 

L  Fa  ceded 
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ceded  from  the  equator,  is  either  a  little  below  or 
above  that  point. 

The  angle  formed  by  the  plane  of  the  cqua« 
-tor  and  ecliptic,  is  called  tne  obliquity  of  tbf 
ecliptic. 

The  obliquity  of  the  ecliptic  is  equal  to  the 
fun's  greatcft  declin?ition,  namely,  when  in  the  tro- 
ptc,  aT)d  is  about  23  x degrees;  confequently,  the 
axis  of  the  earth  muft  be  inclined  to  the  ecliptic  in 
an  angle  of  66  4.  degrees.  The  confideration  of  thii 
pbliquity  brings  us  to  an  explanation. 

Of  the  Seasons  of  the  Year, 

It  is  our  bufinefs  under  the  prefcnt  head  to  ac- 
count for  the  pbenomena  of  the  Jeafons^  thofe  grate- 
ful viciflitudes  on  which  fo  much  both  of  the  bu- 
finefs and  happinefs  of  man  depends. 

Before  1  explain  the  caufcs  of  thofe  changes 
that  are  termed  the  fea/ons  of  the  year^  it  will  be 
neceCary  to  premife  a  few  confiderations  :  Firft, 
that  on  account  of  the  immenfedirtance  of  the  fun 
from  the  earth,  the  rays  which  proceed  from  it 
may  be  confidcred  as  parallel  to  each  other.  Se- 
condly, that  only  one-half  of  a  globe  can  be  illu- 
minated by  parallel  rays,  and  therefore  only  one- 
half  of  the  earth  will  be  enlightened  by  the  fun 
at  one  time.  Thirdly,  that  we  may  call  the  line, 
which  divides  light  from  darknels,  the  termi- 
nator. 

In  the  diagram,  fig.  i,  pi.  5,  S  reprefents 
the  fun,  from  which  wc  fuppofe  parallel  rays 
to»How  in  all  diredions ;  A,B,  C,  reprcfent  three 
dii'erent  politions  of  the  globe  of  the  earth,  the 
bright  part  being  that  which  is  illuminated  by  the 
rays  proceeding  from  the  fun ;  the  dark  part,  the 
portion  of  the  globe  which  is  in  obfcuritv  at  thefe 

'         dif-. 
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different  fituations  ;  N  the  north,  S  the  fouth  pole 
of  the  globe,  T  T  the  terminator  or  boundary  of 
light  and  darknefs. 

At  C,  the  poles  coincide  with  the  terminator. 

At  A,  the  north  pole  is  altogether  in  the  i7- 
luminated  hemifphcrc,  and  the  fouth  pole  in  the 
dark  hemifphere. 

At  B,  the  fouthern  pole  is  in  the  enlightened 
part,  and  the  north  pole  in  the  dark  hemifphere. 

It  is  evident  that  it  is  day  in  any  given  place 
on  the  globe,  fo  long  as  that  place  continues  in 
the  enlightened  hemifphere ;  but  when,  by  the 
diurnal  rotation  of  the  earth  on  it's  axis,  it  is  car- 
ried into  the  dark  hemifphere,  it  becomes  night  to 
that  place. 

T^be  length  of  the  day  and  the  night  depend  on 
the  pofition  of  the  terminator^  with  refpe£i  to  the 
axis  of  the  earth. 

If  the  poles  of  the  earth  be  fituated  in  the 
terminator,  as  at  C,  every  parallel  will  be  di*- 
vided  into  two  equal  parts  ;  and  as  the  uniform 
motion  of  the  earth  caufes  any  given  place  to  de- 
fcribe  equal  parts  of  it's  parallel  in  equal  times, 
the  day  and  the  nighx  would  be  equal  on  every  pa- 
rallel of  latitude,  that  is,  all  over  the  globe,  ex- 
cept at  the  poles,  where  the  fun  would  neither  rife 
nor  fet,  but  continue  in  the  horizon. 

But  if,  as  at  A  and  B,  the  axis  be  not  placed 
in  the  plane  of  the  terminator,  the  terminator  will 
divide  the  equator  into  two  equal  parrs,  but  all  the 
circles  parallel  to  it  into  unequal  parts;  thofe  cir- 
cles that  are  fituated  towards  the  enlightened  pole, 
will' have  a  greater  part  of  their  circumference  in 
the  enlightened  than  in  the  dark  hemifphere;  while 
fimilar  parallels  toward  the  other  pole  will  have 
the  greater  part  of  their  circumference  in  the  dark 
hemifphere.     Whence   it  follows,  that  the  firll- 

F  3  men- 
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tnentioned  parallels  will  enjoy  longer  days  than 
niohcs ;  aiia  the  contrary  will  happen  to  the  latter^ 
vhcrc  the  days  will  be  the  fliortcft,  and  the  nights 
the  longeft;  while  at  the  equator,  the  days  and 
nicrhts  continue  equal.  All  this  is  evident  from 
tl^  bare  infpeiflion  of  the  figures ;  it  is  alfb  ob- 
fcrvable,  that  the  difproportion  is  greateft  in  the 
tfreatclf^  latitude  ;  and  that  thofe  places,  whofe  dif- 
tance  from  the  pole  is  Icfs  than  that  of  the  pole 
from  the  terminator,  muft  enjoy  either  a  conftant 
day,  or  a  conftant  night  ;  bccaufe  they  are  never 
carried  into  the  oppofitc  hemifphere  by  the  diurnal 
rotation  of  the  earth.  In  this  polition  of  the  axisj 
the  inhabitants  on  one  iidc  of  the  equator  maybe 
faid  to  enjoy  fummer,  and  thofe  on  the  other  fide 
winter,  with  refpcd  to  each  other. 

From  what  has  been  faid,  it  is  plain  that  the 
viciflitudes  in  the  days  and  nights  are  occalioned 
by  the  polition  of  the  terminator,  or  boundary  of 
light  and  darknefs,  with  ihe  axis  of  the  earth ;  or 
in  other  words,  by  the  dih'ercnt  afpedt  of  the  earth 
with  refpcQ  to  the  fun. 

We  have  now  only  to  fhew  what  caufes  the 
changes  of  pofition  in  the  terminator,  which  ace,, 
I.  The  inclination  of  the  earth's  axis  to  the  plane 
of  the  ecliptic,  or  orbit  in  which  it  moves.  2.  That 
through  the  whole  of  it's  annual  courfe,  the  axis 
of  the  earth  prcfervcs  it's  polition,  or  continues 
parallel  to  itfelf ;  that  is,  if  a  line  be  conceived  as 
drawn  parallel  to  the  axis  while  the  earth  is  in 
any  one  point  of  it's  orbit,  the  axis  will  in  every 
other  pofition  of  the  earth  be  parallel  to  the  (aidi 
line. 

If  the  axis  of  the  earth  were  perpendicular  to 
the  plane  of  it's  orbit,  the  equator  and  the  orbit 
(or  ecliptic)  would  coincide;  and  as  the  fun  i% 
always  in  the  plane  of  the  ecliptic,  it  would  io  thifc 

cafe 
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cafe  be  alwajrs  over  the  equator^  and  ttie  two 
|x>le8  would  be  in  the  terminator^  and  there  would 
be  no  diverfity  in  the  days  and  nights^  and  but 
oile  feafon  of  the  year ;  but  as  this  is  not  the 
Cafe^  we  may  fairly  infer^  that  the  axis  of  the 
esLrth  is  not  perpendicular  to  the  plane  of  it'a 
bAit. 

But  if  the  earth's  axis  be  inclined  ff>  the  plane 
^  the  ecliptic  when  the  earth  is  in  the  fituation 
reprcfented  at  A»  pU  5»  the  pole  N  will  be  towards 
the  fun^  and  the  pole  S  will  be  turned  from  it ;  but 
juft  the  contrary  will  happen^  when  the  earthy  bf 

going  half  round  the  fun^  has  arrived  at  the  oppo« 
te  point  in  it*s  orbit.  Hence  the  fun  will  not 
be  always  in  the  equator^  but  at  one  time  of  the 
year  it  will  appear  nearer  to  one  of  the  poles«  and 
at  the  oppoiice  feafon^  it  will  appear  nearer  to  the 
other.  To  this  circumftance  the  change  of  feafons 
is  owing ;  for  when  the  fun  leaves  the  equator  and 
approaches  to  one  of  the  poles»  it  will  be  fummer 
on  that  fide  of  the  equator^  and  when  the  fun  de- 
parts from  thence  and  approaches  to  the  other 
pole,  it  will  be  winter.  Thus  from  the  inclination 
of  the  axis,  each  part  of  the  earth  enjoys  the  bene- 
fit of  fummer  in  it*s  turn ;  for  it  is  evident,  from 
what  has  been  faid  already,  that  when  it  is  winter 
towards  one  of  the  poles,  on  one  fide  the  equator, 
it  is  fummer  towards  the  other  pole,  or  on  the  otheo 
fide  of  the  equator. 

A  better  notion  of  the  efFedt  of  the  inclina- 
tion of  the  earth's  axis  will  be  obtained  by  obferv-t 
ing  Jig.  2,  pi.  5,  in  which  the  ellipfis  reprcfcnts 
the  earth's  orbit,  feen  at  a  diftance ;  the  eye  fup- 
pofed  to  be  elevated  a  little  above  the  plane  of  it. 
The  earth  is  here  rcprefented  in  the  firlt  point  of 
each  of  the  twelve  fign^,  as  marked  in  the  figure, 
with  the  twelve  months  annexed ;  e  the  pole,  and 

F4  cd 
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cJcheaxis  of  the  ecliptic,  always  perpendicular 
rv»  chc  plane  of  the  orbit ;  P  the  north  pole  of  the 
^orlJ;  Pm  it's  axis^  about  uhichthe  carth'sdaity 
n)otion  is  made  from  weft  to  eaft.*  P  C  E  (hews 
the  angle  of  it's  inclination,  which  preferves  it's 
parallel ifm  through  every  part  of  it's  orbit. 

When  the  earth  is  in  the  firft  point  of  Libra, 
the  fun  then  appears  in  the  oppofite  point  of  the 
ecliptic  at  Aries,  about  the  twenty-fecond  of  Sep- 
tember, N.  S.  and  when  the  earth  is  in  Aries,  the 
fun  will  then  appear  in  Libra  about  the  lathof 
March ;  at  which  times  of  the  year  the  edge  of 
the  enlightened  hemifphcrc  is  parallel  to  the  fol- 
ftitial  ccli-re,  jig.  8,  and  paffes  through  the  two 
poles  of  the  world,  dividing  every  parallel  to  the 

^cquator  into  two  equal  parts ;  whence  the  diurnal 

'.parallel  of  every  inhabitant  on  the  furface  of  the 
earth  will,  at  either  of  thcfc  feafons,  be  half  in  the 
illuminated,  and  half  in  the  obfcurc  part  of  the 

.  earth;  confcqucntly  the  day  and  night  will  be  equal 
in  all  places. 

Conceive  the  earth  to  have  moved  from  ^ 
Libra  to  '/J  Capricorn,  ifs  line  of  diredtion  keep" 
ing  it's  parallclifm  will  now  coincide  with  thefol- 
ftitial  colurc,  ^V.  8,  and  the  edge  of  the  difc  vill 
be  perpendicular  thereto,  and  pais  through  e  the 
pole  of  the  ecliptic.  In  this  luuation  of  the  earth, 
all  places  within  the  northern  polar  circle  are  illu- 
miiKUcd  throughout  the  v.  hole  diurnal  revolution, 
at  which  tiinc  their  inhabitants  Ice  the  fun  longer 

.than  24  hours;  but  thofe  which  lie  under  the  po- 
lar circle  touch  the  edjrc  of  the  diic,  and  theretorc 
their  inhabitantJs  only  ice  the  lun  \k\i\\  quite  round 
their  horizon  at  it's  firll  appearance.  Lvery  other 
parallel  intcrfccls  the  edge  of  the  difc,  and  as  tho 
illuminated  part  of  each  is  much  greater  than  the 
obfcure  part,    the   da)s   are  confequently  at  this 

feafoiB- 
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feaibn  of  the  fummcr  folftice,  which  happens  about 
the  2 1  ft  of  June,  longer  than  the  nights.  While 
the  earth  is  moving  trom  Libra  through  Capri- 
corn to  Aries,  the  north  pole  P  being  in  the  illu- 
minate-d  hemifphere,  will  have  fix  months  conti* 
nual  day ;  but  while  the  earth  paflcs  from  Aries 
through  Cancer  to  Libra,  the  north  pole  will  be  in 
the  obfcure  jMtrt,  and  have  continual  nights,  the 
fouth  pole  of  the  globe  at  th«  fame  time  enjoying 
continual  day.  When  the  earth  is  at  Cancer,  the 
fun  appears  at  Capricorn.  At  this  fcafon  the 
nights  will  as  much  exceed  the  days,  as  the  days 
exceeded  the  nights  when  the  earth  was  in  the  op- 
poiite  point  of  her  orbit ;  for  the  nocturnal  arches, 
or  obfcure  part  of  their  paths,  arc  here  equal  to 
the  illuminated  parts  when  the  earth  was  at  Ca- 
pricorn ;  and  the  illuminated  part  is  here.no  more 
than  the  obfcure  part  was  in  that  place. 

By  confidcring  the  three  globes,  A  B  C^fig.  j, 
fit*  5,  you  may  gain  a  clear  idea  of  the  daily  appa- 
rent change  in  the  fun's  declination  ;  there  is  a 
line  drawn  from  the  center  of  the  fun  to  the  ren- 
ter of  each  globe;  it  is  broader  than  the  other  lines. 
This  line  may  be  called  the  central  jhlar  raj.  About 
the  21  ft  of  December,  when  the  earth  is  in  Cancer, 
this  ray  will  terminate  or  fall  upon  the  fouthcrn  tro* 
pic,  as  at  D;  or  the  tropic  ol  Capricorn,  as  at  B;  and 
confequently,  by  the  earth's  rotation  round  her 
axis,  the  inhabitants  of  every  pait  ol  this  circle  vviil 
fucceflively  have  the  fun  m  their  zcnich;  or  in 
other  words,  he  will  be  vertical  to  them  that  day 
at  noon,  as  the  fun  appears  rhat  day  to  be  carried 
round  in  the  tropic  of  Capricorn. 

About  the  20th  of  March,  the  earth  in  at 
Libra,  and  the  fun  will  then  appear  in  Ariqj ;.  the 
central  Iblar  ray  tcrnunatcs  upon  the  fur  face  pf  the 
earth,  in  the  equator,  as  at  C;  and  therefore  :fth^ 

fun 
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fun»  appeals  to  be  carried  round  in  the  celeftial 
equator,  and  is  fucccflively  vertical  to  thofc  who 
live  under  that  circle. 

About  the  21  ft  of  June,  when  the  earth  is  lA 
Capricorn,  the  central  folar  ray  terminates  on  the 
furface  of  the  earth,  in  the  northern  trOpiCj  as  at 
A  ;  and  for  that  day  the  fun  appears  to  be  cafried 
round  in  the  tropic  of  Cancer,  and  is  vertical  td 
thofe  who  live  under  that  circle.  About  the  iid 
of  September,  the  earth  is  in  Aries,  and  the  fun  in 
Libra,  and  the  central  folar  ray  again  terminates  at 
the  equator;  confequently  the  fun  again  appears 
in  the  celeftial  equator,  and  is  vertical  to  thoft 
who  live  under  it. 

We  have  fecn,  that  as  the  furt  moves  in  thft 
ecliptic,  from  the  vernal  equinox  to  the  tropic  of 
Cancer,  it  gets  to  the  north  of  the  equator^  or  it's 
declination  towards  our  pole  increafes.  There- 
fore, from  the  vernal  equinox,  when  the  dajrs  and 
nights  are  equal,  till  the  fun  comes  to  the  tropic 
of  Cancer,  our  days  lengthen,  and  our  nights 
fhorten  ;  but  when  the  fun  comes  to  the  tropic  of 
Cancer,  it  is  tlien  in  it's  utmoft  northern  limit,  and 
returns  in  tbc  ecliptic  to  the  equator  again.  Dur- 
ing this  return  of  the  fun,  it's  declination  towards 
our  pole  decreafcs,  and  confequently  the  days  de* 
creafe,  and  the  nights  increafe,  till  the  fun  is  arri- 
ved in  the  equator  again,  and  is  in  the  autumnal 
cquinodlial  point,  when  the  days  and  nights  will 
again  be  equal.  As  the  fun  moves  from  thence 
Cowards  the  tropic  of  Capricorn,  it  gets  to  the 
fouth  of  the  equator ;  or  it's  declination  towards 
the  fouth  pole  increafes.  Therefore,  at  that  time 
of  year,  our  days  ftiorten,  and  our  nights  lengthen, 
till  tht  fun  arrives  at  the  tropic  of  Capricorn  ;  but 
%hefi  the  fun  is  arrived  there,  it  is  then  at  it's  ut- 

ifouthern  limit,  and  returns  in  the  ecliptic  t6 
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tKe  equator  i^in.  During  this  return,  it's  dip- 
lance  from  our  pole  lelTens,  and  confequently  the 
days  will  lengthen,  as  the  nights  will  Ihorten,  till 
they  become  equal,  when  the  fun  is  come  round 
to  the  venial  equinodial  point. 

Our/ummer  is  nearly  eight  days  longer  than  the 
winter. 

By  dimmer  is  meant  here  the  time  that  pafles 
between  the  vernal  and  autumnal  equinoxes ;  by  win- 
ter, the  time  between  the  autumnal  and  vernal  equi- 
nox. The  ecliptic  is  divided  into  fix  northern, 
zxid  fix  fouthern  figns,  and  interfcdls  the  equator  at 
the  firft  of  Aries,  and  the  firft  of  Libra.  In  our 
fummer,  the  fun's  apparent  motion  is  through  the 
fix  northern,  and  our  winter  through  the  fix  fou- 
thern figns ;  yet  the  fun  is  186  days,  11  hours, 
51  minutes,  in  pafiing  through  the  fix  firfl;  and 
only  178  days,  17  hours,  58  minutes,  in  pafling, 
through  the  fix  lafl:.  Their  difference,  7  days, 
17  hours,  53  minutes,  is  the  length  of  time  by 
which  our  iummer  exceeds  the  winter. 

In  fig.  I,  p/.  6,  A  BCD  reprefents  the  earth*s 
orbit  5  S  the  fun  in  one  of  it's  foci ;  when  the  earth 
is  at  B,  the  fun  appears  at  H,  in  the  firft  point  of 
Aries;  and  whilft  the  earth  moves  from  B  through 
C  to  D,  the  fun  appears  to  run  through  the  fix  nor- 
thern figns,  from  T  through  25  to  s2=  at  F.  When 
the  earth  is  at  D,  the  fun  appears  at  F,  in  the  firft 
point  of  Libra ;  and  as  the  earth  moves  from  D 
through  A  to  B,  the  fun  appears  to  move  through 
the  fix  fouthern  figns,  from  ^  through  \9  to  Aries 

Hence  the  line  FH,  drawn  from  the  firft 
point  of  Aries  through  the  fiin  at  S,  to  the  firft 
fxiinit  of  iCfc,  divides  the  ecliptic  into  two  equal 
|Mirts ;  but  the  fame  line  divides  the  earth's  ellip- 
^nc«l  orbit  into  two  unequal\parts.    The  greater 

part 
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part  B  C  D  ift  that  which  the  earth  defcribesin  the 
fummer^  while  the  fun  appears  in  the  northen 
figns.  The  IcHTer  part  is  DAB,  which  the  earth 
dcfcribes  in  winter,  while  the  fun  appears  in  the 
Ibuthcrn  figns.  C  the  earth's  aphelion^  where  it 
moves  flowcll,  is  in  the  greater  part ;  A  it's  peri- 
helion, is  in  the  lefTcr  part,  where  the  fun  movfs 
faftcft. 

There  are,  therefore,  two  realbni  why  our 
fummcr  is  longer  than  our  winter;  firft,  he- 
caufe  the  fun  continues  in  the  northern  figiM, 
while  the  earth  is  defcribing  the  greater  part  of 
it's  orbit ;  and  fccondly,  becaufc  the  fun's  appa- 
rent motion  is  flower  while  it  appears  in  the  nor- 
thern figns,  than  whilfl:  it  appears  in  the  fouthcrn 
ones. 

The  fun's  apparent  diameter  is  greater  in 
our  winter  than  in  fummcr,  becaufe  the  earth  is 
nearer  to  the  fun  when  at  A  in  the  winter,  than 
it  is  when  at  C  in  the  fummer.  The  fun's  ap- 
parent diameter,  in  winter,  is  32  minutes,  47  ic- 
conds;  in  fummer,  31  minutes,  4.0  feconds. 

But  if  the  earth  is  farther  from  the  fun  in 
fummer  than  in  winter,  it  may  be  aflced,  why  our 
winters  are  fo  much  colder  than  our  fummers. 
To  this  it  may  be  anfwcrcd,  that  our  fummer  is 
hotter  than  the  winter,  firft,  on  account  of  the 
greater  height  to  which  the  fun  rifes  above  pur 
horizon  in  the  fummcr ;  fccondly,  the  greater 
length  of  the  days.  The  fun  is  much  higher  at 
noon  in  fummcr  than  in  winter,  and  confequently, 
as  it's  rays  in  funmu-r  arc  Icfs  oblique  than  19 
winter,  more  of  them  will  fall  upon  the  furface 
ofu-bc  earth.  In  the  fummcr,  the  days  are  \try 
long,  and  the  nights  very  fnort ;  therefore  the 
earth  and  air  arc  heated  by  the  fun  in  the  cU|y^ 
time,  more  than  they  are  cooled  in  the  nigjiivt 
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and  upon  this  account,  the  hcnt  >vill  keep  in- 
crcafing  in  the  fummcr,  and  for  the  fame  rea- 
fon  will  decreafe  in  winter,  when  the  nights 
fcngthen- 

I  fhould  exceed  the  limits  of  a  Lefture,  if 
I  were  to  inquire  into  the  feveral  concurring  cau- 
fcsof  the  temperatures  that  obtain  in  various  cli* 
mates;  it  may  be  fufficient,  therefore,  to  obferve 
irhat  a  remarkable  provilion  is  made  in  the  world, 
and  the  feveral  parts  of  it,  to  keep  up  a  perpetual 
change  in  the  degrees  of  heat  and  cold.  Thefe 
two  are  antagonifts,  or  as  Lord  Bacon  calls  them, 
/fcr  very  bands  of  nature  V)ith  ivhich  Jhe  chief y 
wwketb,  the  one  expanding,  ►the  other  contrac- 
ting bodies, '  fo  as  to  maintain  an  ofcillatory  mo- 
tion iri  all  their  parts;  and  fo  ferviceable  arc 
thefe  changes  in  the  natural  world,  that  they  arc 
promoted  every  year,  every  hour,  every  moment, 
from  the  oblique  pofition  of  the  ecliptic,  the  earth 
continually  prefcnts  a  different  face  to  the  fun.  and 
never  receives  his  rays  two  days  together  in  the 
fame  diredlion.  In  the  day  and  night,  the  differ- 
ences are  fo  obvious,  that  they  need  not  to  be  men- 
tioned, though  they  are  molt  remarkable  in  thol^ 
climates,  where  the  fun  at  his  feicing  makes  th*" 
greateft  angle  v  ith  the  horizon.  Every  hour  of  th'* 
day,  the  heat  varies  with  the  fun's  altitude,  is  altci- 
cd  by  the  interpofition  of  clouds,  and  the  action  of 
winds ;  and  there  is  little  room  to  doubt,  but  what 
the  various  changes  that  thus  take  place,  concur  in 
producing  many  of  the  fmaller  and  greater  pheno- 
mena of  nature. 

Be  this  however  as  it  may,  it  is  certain  that 
the  various  irregularities  and  intcmpcrature  of  tliL' 
dements,  which  feem  to  dcflroy  nature  in  one  fca- 
fon,  ferve  to  revive  it  in  another  :  the  immoderate 
beats  of  fummer,  and  the  cxccRive  cold  of  wintcT, 

prcp.u  c 


tcr  concluded  than  in  the  words  of  the  excellent 
fimker*  A  long  and  uninterrupted  cnjoynient  of  bkf- 
fings  is  apt  to  extinguiihin  us  that  gratitude  to- 
wards the  author  of  them,  which  it  ought  to  chc- 
rilh  and  invigorate ;    the   courfe   of  nature  often 
glides  on  unobferved  when  there  are  no  variations 
therein;  and  the  fun  himfelf  fliincth  unnoticed^  bc- 
caufe  he  (hineth  every   day.     Since  the  time  that 
God  did  firft  proclaim  the  cdids  of  his  law,   fays 
Hooker^   heaven  and  earth  have  hearkened  unto  his 
voice,  and  their  labour  haa  been  to  do  his  uill. 
But  if  nature  ftiould  interrait  her  courfe,  and  leave 
altogether,  though  it  were  but  for  a  while,  the  ob* 
fervation  of  her  laws;  if  thofir  principles  and  mother 
elements,  whereof  all  things  in  this  world  are  made, 
fliould  lofc  the  qualities  they  nowpoficfs;  if  the 
frame  of  that  heavenly  arch  ereded  over  our  heads 
Ihould  loofen  and  diffolvc  itfelf ;    if  the  celeftial 
globes  fiiould  forget  their  w  onted  motions,  and  by 
irregular  volubility  turn  themfclves  any  way  as  it 
*^ight  happen  ;  if  the  prince  of  the   lights  of  hea- 
^'cn^  which  now^  as  a  giant  doth  run  his  unwearied 
Courfe,  fliould  as  it  were    through  a  languifliing 
JHintncfs  begin  to  fland  and  to  reft  himfelf;  if  the 
*^oon  Ihould  wander  from  her  beaten  way,  the  times 
and  fcafonsof  the  year  blend  thcnifelves  together  by 
difordcr  and  confufcd  mixture,  the  winds  breathe 
/put  their  laft  gafp,  the  clouds  yield  no  rain, 
th    be   defeated    of    heavenly  influence,    , 

hcf 
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fruits  pine  aw^y  as  children  at  the  withered 
afts  of  their  jnother^  no  longer  able  to  yield 
tn  relief;  Vfhat  M^ould  become  of  man  himfelf^ 
3111  all  thofe  things  do  now  ferve  ?  An4  hoW 
lid  hie  loojc  baclj:  on  thofe  benefi^s^  for  which, 
en  they  were  d^ily  poured  upon  hiip  in  bpun41cl8 
i&ifi^nj  h(B  forgot;  fo  be  thankful  ? 
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LECTURE    XXXIX. 


An  Explanation  ok    the  Phenomena    of  thi. 

Planets,  according  to  the  Coperkican 

System. 


I  SHALL  here  define  again  fome  words  which  I 
have  already  explained,  and  recal  your  attention 
to  fome  circumft-ances  which  I  have  mentioned  in 
a  former  Le<5lure,  Thefe  repetitions  will  not,  I 
hope,  be  an  objcd:  of  complaint,  as  they  will  render 
this  Ledure  more  perfed,  and  anfwcr  the  benefi-. 
cial  purpofe  of  grounding  you  more  firmly  in  the 
fcicncc  we  are  now  treating. 

The  line  that  a  planet  dcfcribes  round  the  fun 
is  called  it's  orbit ;  the  motion  of  all  the  planets 
in  their  orbits  is  from  weft  by  the  fouth  to  the 
caft;  this  is  called  their  annual  xnouon.  . 

The  orbits  of  the  planets  are  not  all  in  the 
fame  plane,  but  in  planes  inclined  to  each  other, 
or  interfering  each  other  at  dillcrent  angles.  The 
orbit  of  the  earth  is  taken  as  -a  llandard,  from 
whence  their  rcfpcdive  inclinations  are  com- 
puted. 

The  planes  of  the  feveral  orbits  of  the  pla- 
nets produced  to  the  fixed  fiars,  mark  the  fcvcral 
circles  which  each  planet  would  appear  rodcfcribe 
in  the  fphere  of  t!.c  heaven  to  a  fjA-Liaror  placed  in 
the  fun ;  thefe  circles  may  be  called  the  heliocentric 
orbits  of  the  planets. 

The  heliocentric  orbit  of  the  earth  is  the 
edipiic:  tda  fpedlator  m  the  fun,  the  earth  will  ap- 
pear 
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pear  to  go  round  the  fun  in  the  ecliptic  caftward 
iii  twelve  months. 

We  may  fuppofe  as  many  great  circles  a§  we 
pleafe  to  be  dcfcribed  upon  the  fphereof  the  hea- 
vens, interfeding  one  another  at  the  poles  of  the 
ecl-iptic,  and  cutting  it  at  right  angles;  thefe  are 
ttrmcd /erondarifs  of  the  ecliptic,  and  circles  of  la-* 
titude.  The  latitude  of  a  planet  or  liar  is  it's  dif- 
tance  from  the  ecliptic,  nieafured  in  degrees,  &c. 
upon  ai  circle  of  latitude  pading  through  the  ftar 
or  planet.  * 

The  latitude  a  planet  would  appear  to  have, 
when  viewed  from  the  fun,  is  it's  heliocentric  lati^ 
tude  s  that  which  it  appears  to  have  to  an  inhabi- 
tant of  the  earth,  is  called  it's  geocentric  latitude. 

By  the  place  of  a  planet  is  meant  the  place  of 
it's  center;  it's  geocentric  place  is  that  where  it  ap- 
pears to  an  inhabitant  of  the  earth. 

The  two  points  where  the  ecliptic  is  cut  by* 
the  heliocentric  orbit  of  a  planet,  are  the  nodes  of 
the  planet.  The  afcending  node  g^,  is  the  point 
where  the  ecliptic  is  cut  by  the  planet,  before  it 
deviates  northward  therefrom.  The  defending 
node  ^,  is  the  point  where  the  planet  cuts  the 
•fecliptic  before  it  deviates  fouthward. 

When  any  planet  has  paiTcd  it's  afcending 
node,  it  deviates  more  and  more  northward  till  it 
is  got  ninety  degrees  from  the  node,  then  it  is  at 
it's  utmoft  heliocentric  northern  latitude,  or  nor- 
thern limit;  from  thence  it  conrinually  approaches 
the  ecliptic  till  it  comes  to  ^,  after  pafling  which 
it  deviates  more  and  more  foutlnvard,  till  it  is  90 
degrees  from  this  node,  when  it  is  at  it's  fouthern 
limit,  or  utmoft  fouthern  heliocentric  latitude, 
"Which  from  thence  continually  dccreafcs  till  the 
planet  returns  again  to  the  afcending  node.  A 
planet  feen  from  the  earth,  oi\\y  appears  in  the 
ecliptic,  when  it  is  in  one  of  it's  nodes. 

^^QL.  IV.  G  The 
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The  equator  cuts  the  ecliptic  in  two  oppofite 
points  :  when  the  fun  appears  in  one  of  thcfc 
points,  it  is  our  vernal ;  when  in  the  other,  it  is 
our  autumnal  equinox.  The  point  of  the  vernal 
equinox  is  counted  the  firft  point  of  the  ecliptic, 
becaufe  fpring  begins  the  aftronomical  year  i  this 
point  is  marked  y  Aries. 

The  longitude  of  a  celeftial  objeA  is  the  num- 
ber of  degrees,  &c.  contained  upon  the  ecliptic, 
reckoning  from  X  eaftward,  to  the  point  where  a 
circle  of  latitude  drawn  through  the  objedt  cuts 
the  ecliptic.  The  longitude  and  latitude  of  an  ob- 
jedl  being  given,  it's  place  in  the  fphere  of  the 
heavens  is  known;  and  it's  place  is  ufuall/  cx^- 
prciTed,  by  faying  it  is  in  fuch  a  degree  and  mi* 
nuce  of  fuch  a  fign,  and  in  fuch  latitude. 

A  planet  is  faid  to  be  in  conjunSlion  with  the 
fun,  when  it*s  geocentric  place  is  very  near  the 
geocentric  place  of  the  fun ;  that  is,  when  the  fun 
is  between  our  earth  and  the  planet,  or  when  the 
planet  is  between  the  earth  and  the  fun. 

A  planet  is  faid  to  be  in  oppofition,  when  it's 
geocentric  place  is  oppofite  lo  the  geocentric  place 
of  the  fun  ;  that  is,  when  the  earth  is  between  the 
fun  and  the  planet. 

An  exact  or  central  conjiini5lio«  or  oppofition 
^.an  happen  only  when  a  planet  is  in  one  of  it's 
nodes  ;  it  is,  however,  ufual  to  term  it  a  conjunc- 
tion or  oppofition,  when  the  fame  fecondary  of  the 
ecliptic  pajTes  through  the  fun  or  any  planet,  though 
the  planet  has  latitude. 

When  the  geocentric  place  of  a  planet  is  a 
quarter  of  a  circle  diftant  from  the  geocentric  place 
of  the  fun,  the  planet  is  faid  to  be  in  quadrature. 

A  planet  is  faid  to  be  dire^,  when  it's  geocen- 
tric motion  is  eaftward;  retrograde^   when  weft-* 
ward  \Jlationary,  when  it's  gcocc"^'*'''  place  cc>n' ' 
nues  the  fame  for  fome  time. 
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The  diftance  an  inferior  planet  fecn  from  the 
arth  appears  to  be  from  the  fun^  is  called  it's 
tongatiov. 

Df  the  Conjunctions  a^d  Elongations  op  the 
.    Infbrioil  Planets,  Mercury  and  Venus. 

There  are  two  different  fituatidns,  in  which 
in  inferior  planet  will  appear  in  conjundion  with 
the  fun;  one  when  the  planet  is  between  the  fun 
ind  the  earth,  the  other  when  the  fun  is  between 
^e  earth  and  the  planet. 

Let  A,  Jig.  2,  pi.  6,  be  the  earth  in  it's  orbit, 
E  the  place  of  Venus  in  E  H  G  her  orbit,  S  the 
fun,   F  V  P  Q  R  T  D  an  arc  in  the  ftarry  heaven. 

In  the  fituation  of  things  reprefented  in  this 
diagram,  the  fun  and  Venus  will  appear  in  the  fame 
point  of  the  heavens,  and  fo  be  in  conjundlion.  If 
Venus  be  at  G,  there  will  alfo  be  a  conjundlion. 
When  the  planet  is  at  E,  nearer  to  the  earth  than 
the  fun,  it  is  called  it's  inferior  conjunction ;  but 
when  the  planet  is  at  G,  farther  from  the  earth 
than  the  fiin,  it  is  termed  the  fuperior  conjuniiion 
of  the  planet. 

When  the  planet  is  either  at  E  or  G,  it  has  no 
elonration  ;  but  as  the  planet  moves  from  E  to  y, 
it*s  elongation  increafes ;  for  when  it  is  at  y,  it  ap- 
pears in  the  line  AyP,  while  the  fun  appears  in 
the  line  A  S  Q ;  fo  that  P  A  Q  will  be  the  angular 
meafure  of  it's  elongation  or  diftance  from  the  fun. 
When  the  planet  arrives  at  x,  it  appears  in  the 
line  Ax.V,  which  is  a  tangent  to  it's  orbit,  and 
then  V  A  Q  is  the  angular  mcafurc  of  it's  elonga- 
tion; which  is  the  greateft  that  can  be  on  that  fide 
the  furt,  for  after  this  the  elongation  decreafes. 
When  the  planet  is  at  K,  it's  elongation  is  P  A  Q; 
^^  G,  it  is  nothing,  becaufe  it  is  then  in  its 
I'unction  j  as  the  planet  moves  on  from 
G  2  G, 
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^>  It's  elongation  again  incrcafes  ;  for  when  it 
comes  to  C,  it  appears  in  the  line  A  C  R,  and  it'i 
elongation  is  R  A  Q.  When  the  planet  conies  to 
H,  a  line  drawn  from  the  earth  through  the  planet 
IS  a  tangent  to  the  orbit,  and  the  elongation  is  T  A 
Q.  the  greateft  it  can  have  when  it  is  on  the  other 
fide  of  the  fun  ;  for  after  this,  the  elongation  again 
dccreafes. 

Hence  it  is  clear,  that  the  inferior  planets  can 
never  appear  far  from  the  fun,  but  muft  always  ac- 
company it  in  it's  apparent  motion  through  the 
ecliptic.  When  we  fee  either  Venus  or  Mercury, 
it  is  either  in  an  evening,  in  the  weft,  foon  after 
the  fun  has  fet ;  or  in  a  morning,  a  little  before 
the  fun  rifes.  Venus  is  indeed  bright  enough  fomc- 
times  to  be  feen  in  the  day-time,  but  then  Ihe  is 
never  far  from  the  fun.  The  greateft  elongation 
of  Venus  is  about  40,  and  of  Mercury  about  23  de- 
grees. 

If  the  earth  be  at  A,  Jig.  2,  pi.  6,  when  Venus 
appears  in  any  part  of  the  arc  ExG,  fhe  is  wejl- 
li-ard  from  the  fun,  and  therefore  rifes  before  him 
in  the  morning,  and  is  called  the  morning  Jiar. 
When  ftic  appears  any  where  in  the  arc  G HE,  (he 
is  caflwcirJ  from  the  fun,  and  therefore  fets  after  him, 
is  i^tin  in  the  evening,  and  is  called  the  evening 
ftar. 

Falsity  of  the  Ptolemaic  System. 

From  the  apparent  motion  of  the  inferior 
planets,  wc  derive  an  argument  to  Ihew  the  falfity 
of  the  Ptolemaic  fyftem.  If  rhe  earth  was  within 
the  orbit  of  Venus,  as  this  fyftemfuppofcs,  fhc might 
be  fometiincs  on  one  fide  the  earth  whilfl:  the  fun 
was  on  ihe  oppofitc  fide  ;  in  other  words,  Venus 
might  be  fomcrimcs  in  oppofition  ;  but  Venus  is 
newr  fttn  in  ofpojitlon,   therefore  the  earth  is  not 

withirt, 
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vithin   the  orbit  of  Venus,    and  confequcnrly  the  . 
Ptolemaic  fyftcm  is  not  true.     The  fame  rcafoning 
ipplics  to  Mercury. 

3f  THE  Retrograde,  Stationary,  ,  and  Direct 
Motions  of  Mercury  and  Venus. 

It  is  eafy,  on  the  Copernican  fyftem,  to  explain 
why  ihe  inferior  planets  appear  to  move  fomctimes 
in  one  diredion,  fometimes  in  a  contrary  one,  and 
at  other  times  to  be  ftationary  ;  for  it  is  the  natural 
refult  of  the  refpecflive  fituations  and  motions  of  the 
earth  and  thefe  planets.  But  on  the  Ptolemaic 
fyftem,  it  is  inexplicable  without  calling  ip  the  aid 
of  a  very  complicated  hypothefis. 

When  the  inferior  planets  are  pafTing  from 
their  greateft  elongation,  on  one  fide  of  the  fun, 
through  their  fupcrior  conjunction,  to  their  great- 
eft  elongation  on  the  other  fide,  their  motion,  as 
viewed  from  the  earth,  is  dire&.  In  order  to  ex- 
plain this  propofition,  we  fliall  firft  fuppofe  the 
earth  to  be  at  reft  at  A,  fig.  ^,  pL  6,  and  correal 
this  fuppofition  afterwards,  by  ftiewing  that  the 
apparent  motion  of  Venus,  or  Mercury,  fcen  from 
the  earth,  is  the  fame  in  this  rcfpeft,  wheiher  rtie 
earth  moves  in  it*s  orbit,  or  refts  at  A. 

The  propofition  to  be  explained  is  this:  that 
as  Venus,  for  inftance,  moves  from  x,  it's  greateft 
elongation  on  one  fide  of  the  fun,  through  G  it's 
fupcrior  conjundion,  to  \i  it's  greateft  elongation 
on  the  other  fide,  it  will  apnear  to  a  fpevftator  upon 
the  earth,  to  move  from  weft  co  caft  according  ro 
the  order  of  the  figns;  that  is,  \V% geocentric  viotion 
tjcill  be  dirc^f. 

The  planets  move  round  the  fun  from  weft  to 

caft,  and  confequcntly  if  there  was  a  fpcclator  at 

the    fun,    they    would    nppear    to    him  to  move 

through  the  zodiac,   according  to  the  oidcr  of  the 

G  3  fig:is ; 
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(igns;  or  in  other  words^  the  heliocentric  motion 
of  Venus  is  dired.  Now  if  the  fun  and  the  earth 
A»  are  both  on  the  fame  fide  of  the  planet,  a  fpec- 
tator  at  the  earth  is  in  the  fame  lituation  with  ref-« 
pe^  to  the  planet  and  it's  motion,  as  if  he  hadbeeii 
at  the  fun :  for  whilfl  the  planet  is  moving  from  x, 
through  G  to  H,  a  fpedator  either  at  A  or  S  is  on 
the  concave  fide  of  the  planet's  orbit;  and  confe* 
qucntly  the  planet  will  appear  to  jnove  in  the  fame 
manner  from  either;  but  the  apparent  motion  of 
the  planet,  when  feen  from  the  fun,  is  dired,  and 
conlcquently  it's  motion,  when  feen  from  the  earth, 
U77/  aljo  be  dire5f. 

When  Venus  is  at  x,  it  appears  to  a  fpedator 
on  the  earth  at  A,  to  be  in  the  liiie  A  x  V,  or  is 
fccn  among  the  ftars  at  V  ;  when  Venus  has  moved 
to  K,  ir  is  feen  among  the  fixed  ftars  at  P;  when 
it  has  moved  to  G,  it  is  in  it's  fuperior  conjuncflion; 
when  it  has  moved  to  C,  it  appears  among  the  fix- 
ed ftars  at  R  ;  and  when  it  is  come  to  K,  it  appears 
among  the  fixed  ftars  at  T,     Thus  whilft  Venus  has 
moved  in  i't's  orbit  from  x,  it's  grcatcft  elongation 
on  one  fide  of  the  fun,  through  G  it's  fuperior  con- 
junction,   to   H    it's    greateft    elongation  on  the 
other  fide,    it  appears  to  have  dcfcribcd  the  arc  V 
P  Q  R  T  in  the  concave  fphcrc  of  the  heavens ;  but 
the  letters  x  K  G  C  H  lie  from  weft  to  eaft,  becaufc 
they  lie  in  the  fame  direcLtion  that  the  planet  moves 
round  the  fun  ;  and  the  letters  V  P  Q  R  T  lie  in.the 
fame  direftion  with  x  K  G  C  H,     Therefore,  as  the 
planet  fccms  to  a  fpedator  on  the  earth,  to  defcri!)C 
the  arc  V  P  Q  R  T,  it's  apparent  morion,  feen  from 
the  earth,  is  direil,  or  from  weft  to  eaft. 

As  the  inferior  planets  move  from  their  great- 
eft  elongation  on  one  fide  of  the  fun,  through  their 
inferior  conjunAion,  to  their  greateft  elongation  on 
the  other  iide,  their  geocentric  motion  is  retn^. 
grade^ 
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Whilft  Venus,  for  inftancc,  is  moving  From 
it's  greateft  elongation  H,  through  it's  inferior  con- 
jundtion  E,  to  it's  other  greateft  elongation  x,  it 
appears  to  a  fpcftator  upon  the  earth  at  A,  to  move 
backwards^  or  fronf  eaft  to  weft,  contrary  to  the 
order  of  the  figns/" 

A  fpedtator  at  the  fun  is  on  the  concave  fide  of 
the  planet's  orbit.  But  whilft  Venus  is  moving 
from  it'sgreateft  elongation  Hon  one  fide,  through 
E  it's  inferior  conjundion,  to  x  it's  greateft  don- 
ation on  the  other  fide,  a  fpcdlator  upon  the  earth 
IS  on  the  convex  fide  of  it's  orbit. 

Therefore-,  if  a  fpedator  at  the  fun  S  would  fee 
the  planet  move  one  way,  a  fpectator  at  the  eartli 
A  will  fee  it  move  the  contrary  way;  or  the  geo- 
centric motion  will  be  contrary  to  it's  heliocentric 
motion,  and  therefore  retrograde;  for  as  feen  from 
the  fun,  it's  motion  is  always  dircd. 

That  two  fpedators,  one  at  the  earth,  the  other 
at  the  fun,  as  they  are  on  contrary  fides  of  the  arc 
HEx,  will  fee  the  planet  apparently  move  con- 
trary ways,  may  be  rendered  more  plain  by  the  fol- 
lowing familiar  confideration.  If  two  men  ftand 
with  their  faces  towards  each  other,  and  a  ball  is 
rolled  along  upon  the  ground,  this  ball  will  move 
From  the  right  hand  of  one  of  the  men  towards  his 
left,  and  from  the  left  hand  of  the  other  towards  his 
right.  In  like  manner,  if  one  man'  is  at  the  earth 
A,  and  the  other  at  the  fun  S,  then  whilft  the  planet 
is  dcfcribing  the  arc  Hex  which  is  between  them, 
it  will  appear  to  move  from  the  right  hand  of  the 
man  at  S  towards  his  left,  and  from  the  left  hand 
of  the  man  at  A  towards  his  right. 

Whilft  the  motion  of  Venus  is  dircd,  or  while 
it  is  defcribing  the  arc  x  G  H,  it  appears  to  move 
from  V  to  T,  among  the  fixed  ftars.  But  after  it 
W  been  carried  in  it's  orbit  from  H  to  Q,   it  ap- 

'•»  the  line  A  x  R,  and  is  fcen  among  the  fixed 
G  4  ftars 
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ftars  at  R.  When  it  comes  to  E,  it  appears  at  Q; 
and  when  at  y,  it's  apparent  place  in  the  heavens  is 
at  P.  Thus  as  the  planet  pafles  from  it's  greatcft 
elongation  H  on  one  fide  of  the  fun,  through  it's 
inferior  conjundlion  E,  to  it's  grcateft  elongation  x 
on  the  othcrfidi^  //  apparently  runs  back  from  T  /cV^ 
Venus  IS  Jl a tioiuzry,  or  hsts  no  apparent  motion 
for  fomc  time,  when  it  is  at  it's  greateft  elongsu 
tio:)  I  that  is,  when  it  is  at  H  or  x,  and  it's  appa- 
rent place  is  either  at  T  or  V. 

vVhcn  cither  of  the  inferior  planets,  Venus  for 
indancc,  is  at  it's  greateft  elongation  H  or  x,  a 
Jinr  diawn  from  the  earth  through  the  planet,  as 
A  II  'l\  or  A  X  V,  is  a  tangent  to  the  orbit.  Now 
thnvgh  a  rijrht  line  touches  a  circle  but  in  one 
point,  yit  Tome  part  of  the  circle  greater  than  a 
point  is  fo  near  to  the  tan^>;cnt,  as  not  tp  be  diftin- 
j^uilhed  from  it.  Thus  the  arc  bd  fo  nearly  coin- 
cides vith  the  tangent  A  H  T,  that  a  fpedator's 
eve  [)laced  at  A,  could  not  diftinguifh  the  tangent 
from  this  j^arr  of  the  curve.  Confequently,  while 
ihr  planet  is  •);.'feribing  this  arc,  no  other  change 
w  ill  l>e  made  in  it's  geocentric  place,  than  if  it  was 
lo  n\iue  in  the  tangent. 

Hut  the  jaoceiiiric  place  of  the  planet  would 
not  be  alterc(1,  if  t!;e  planet  was  to  move  in  the 
lanjrcnt.  lov  if  it  was  to  move  from  T  towards 
A,  oi  fr<Mi\  A  to  \\  the  apparent  place  of  it  in  the 
heav(  ns  woulil  in  one  cafe  be  at  1',  in  the  other  cafe 
at  V.  Therelore,  while  the  plane  t  is  ar  it's  greateft 
elonj»aiion,  and  is  defcribing  a  fnial!  arc  in  it's 
oibil,  that  neail)  coincides  with  the  tangent,  iVi 
jvcocenirir  place  iloes  not  alter,  but  it  appears  to 
continue  foi  lon^r  tiuicin  the  fame  part  of  thehea 
■yens,  ov  is  //»///'  ;/./rv. 

We  have  hiiherto  fuppofed  the  earth  to  beat 
refl",  and  ii| )on  that  fiippolition  have  explained  the 
prujjrels  anil  ret;refs,  the  conjunctions  and  ftat» 
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of  £he  inferior  planets-  If  this  fuppofi^ion  was 
Injfi  VTj  or  the  arc  uhich  rhc  planrtat  3ny»timc 
dfftribcs  in  it's  progrefs,  and  T  Vj  the  arc  whicli 
itdefcribes  in  it's  rcgrefs*  would  alwajs  be  in  the 
iimc  part  of  the  heavens.  The  planet^  when  in 
co0Jun{Si«n,  would  alua\s  appear  at  Q  among  the 
fame  fixed  ftars ;  and  at  it's  elongation,  or  when  it 
is  ftationary,  it  would  always  appear  amon;^;  the 
fame  fixed  flars  T  on  one  fide  of  the  fun,  and  at  V 
on  the  other  fide.  ' 

^      But  this  fuppofition  is  not  tnie;  for  the  eartli 

'fcvolves  in  it's  orbit  ABO  round  the  fun.  Now 
if  the  earth  is  at  A>  the  time  of  cither  conjiinition^ 
the  planet  nt  this  conj*ini5tion  viould  appear  among 
Ac  fixed  flar^  at  Q,  and  the  arcs  ot  the  gr^^atelt 
ctengncion  Q  V  and  Q  T,  would  be  on  each  fide  of 

I  tliofc  liars.  But  if  the  earth  is  at  B,  at  the  rime  of 
either  of  the  conjundions,  then  at  the  tijrjc  of  this 
eonjtiniflion,  the  planet  will  appear  in  the  line  BS 
T,  and  be  feen  among  the  fixed  ftars  at  T^  and  the 

,  Ires  of  the  greateft  elongation  will  be  on  each  fide 
rfthefe  (lars  j  that  is,  the  conjunctions  and  elonga- 
tions VI  ill  happen  in  a  difiercni  part  of  the  heavens^ 
then  the  earth  is  at  B,  from  what  they  happen 
when  the  earth  is  at  A,  In  other  refpctts,  the 
foregoing  phenomena  will  be  much  the  fame,  not- 
ttiihitanding  the  motion  of  the  earth,  only  the  pla- 
net will  be  more  dtreiil  in  the  far  the  ft  part  of  the 
orbit,  and  hfs^  retrograde  in  the  neareft. 

The  direct  and  retrograde  motion  is  fometimes 
Aviftcr,  fumctimes  llowtr.  The  diredl  morion  is 
f^ificfiTj  \vhen  the  fun  is  between  us  and  the  planet; 
their  retrograde  fwifte  ft  J  when  they  are  between  us 
aj^d  the  fun- 

When  an  inferior  planet,  viewed  from  afupe- 
riori  moves  apparently  retrograde,  the  fupenor 
plmet  has  alfo  a  retrograde  motion. 

When  a  Aipcrior  planet,  viewed  from  an  in- 
ferior. 
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fcrior,  appears  ftationary,  the  inferior  planet  view- 
ed at  the  fame  time  from  the  fuperior  is  alfo  fta- 
tionary. 

Other  Appearances  of  the  Inferior  Planets. 

The  inferior  planets,  it  is  plain  from  what  I 
have  (hewn  you,  always  appear  very  near  the  fun. 
But  from  the  motion  of  the  earth,  the  fun  appears 
in  different  parts  of  the  heavens  in  diftermt 
times  of  the  year ;  confcquently,  as  the  inferior 
planets  arc  always  very  near  the  fun,  they  will  ap- 
pear in  different  parts  of  the  heavens  at  diiTerent 
times  of  the  year  ;  and  their  conjunAions.&c.  will 
happen  fometimcs  in  one  part  of  the  heavens^  fome* 
times  in  another  part. 

Venus,  feen  from  the  earth,  appears  to  vibrate 
fn  an  arc,  half  of  which  u-on  one  fide  of  the  fun's 
apparent  place,  half  on  the  other. 

Venus  has  been  feen  fomctimes  moving  acrofs 
the  fun's  dilk  in  the  form  of  a  round  black  fpot, 
with  an  apparent  diameter  of  about  fifty-nine 
feconds. 

It  has  been  found  by  obfervation,  that  the  or- 
bk  of  Venus  is  an  ellipfe,  having  the  fun  ia  one 
focus. 

The  upper  apfis  of  the  orbit  is  called  the 
aphelion^  the  lower  apfis  is  called  the  perihelion^  of 
Venus.  The  line  ot  the  apfides  has  a  flow  motion 
caftward,  at  the  rate  of  2  degrees,  44  minutes,  46 
icconds  in  a  century.  The  nodes  of  Venus  move 
weftward  about  31  feconds  in  a  year. 

Venus  moves  in  her  orbit,   fo  as  to  dcfcribe 
round  the  fun  areas  pioportional  to  the  times. 
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Of  the  Phases  of  V?nus. 

That  the  planets  are  opake  bodies^  and  (hine 
y  by  the  light  they  receive  from  the  fun,  is 
in,  becaufc  they  are  not  vifible  in  fuch  parts  of 
if  orbits  as  are  between  the  fun  and  earth,  that 
when  their  illuminated  fide  is  turned  from  us. 

The  line  in  the  planet's  body,  which  diftin- 
ifhes  the  lucid  from  the  obfcure  part,  appears 
netimes  ftrait,  fomctimes  crooked.  The  convex 
t  of  the  curve  is  fometimcs  towards  the  fplendid 
•t,  and  the  concave  fide  towards  that  which  is 
fcurc  ;  and  vice  verfa,  according  to  the  fituatioa 
the  planet  with  refped  to  the  eye  and  the  fun. 

The  inferior  planets  going  round  the  fun  in 
5  orbits  than  our  earth  does,  wiJl  fomctimes  have 
►re,  fometimes  lefs  of  their  illuminated  fide  to- 
rdsus;  and  as  it  is  the  illurqinated  part  only 
ich  is  vifible  to  us,  Mercury  and  Venus  will, 
ough  a  good  telefcope,  exhibit  the  feveral  ap- 
irances  of  the  moon,  from  a  fine  thin  crefcent 
the  enlightened  hcmifpherc. 

If  wc  view  Venus  through  a  telefcope,  when 
r  follows  the  fun's  rays  on  the  eaftern  fide,  and 
pears  above  the  horizon  after  fun-fet,  wc  Ihall 
:  her  appear  nearly  round,  and  but  fmall ;  flic 
at  that  time  beyond  the  fun,  and  prefents  to  us  an 
lightened  hemifphcre.  As  (he  departs  from  the 
n  towards  the  eaft,'{hc  augments  in  her  apparent 
:e ;  and  on  viewing  her  through  a  telefcope,  is 
en  to  alter  her  figure,  abating  of  her  apparent 
rtindnefs,  and  appearing  fucceflively  like  the 
\oon,  in  the  different  Itagcs  of  her  decreafe.  At 
:ngth,  when  (he  is  at  her  greateft  elongation,  ftip 
'*'Hc  the  moon  in  her  firit  quarter,  and  appears  as 
when  from  a  full  fiie  has  decreafed  to  half 

After 
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After  this,  as  (he  «ipproaches  (in  appearance) 
to  the  fun,  {he  appears  concave  in  her  illuminated 
part>  as  the  moon  when  (he  forms  a  crefcent ;  thus 
ihe  continues  till  (he  is  hid  entirely  in  the  fun*s 
rays,  and  prefcnis  to  us  her  whole  dark  hemifphere, 
as  the  moon  does  in  her  conjunction,  no  part  of' 
the  planet  being  then  vifible. 

When  ihe  departs  out  of  the  fun*s  rays  on  the 
wcftern  fide,  we  fee  her  in  the  morning,  juft  before 
dayibreak.     It  is  in  this  iituation    thit  Venus  is 
called  the  morning  ftar,  as  in  the  other  fhc  is  called' 
the  evening  ftar.     She  at  this  time  appears  very 
beautiful,  like  a  fine  thin  crefcent :  juft  a  verge  of 
Jilver  light  is  feen  on  her  edge.  From  this  periodic 
grows  more  and  more  enlightened  every  day,  till  (he 
19  arrived  at  her  greatcft  digreffion  or  elongation, 
vhcn  fhe  again  appears  as  a  half  moon,  or  as  the 
moon  in  her  (irft  quarter;  from  this  time,  if  con- 
tinued to  be  viewed  with  a  telefcope,  ihe  \s  found* 
to  be  more  and  more  enlightened,  though  (he  is  all 
the  while  decreafing  in  magnitude,  and  thus  con- 
tinues  growing  fmallcr  and  rounder,  till    (he  is 
again  hid  or  loft  in  the  fun's  rays. 

Fif;.  I,  pf.  8,  rcprefents  the  orbits  of  Ve- 
-nus  and  the  earth,  with  the  fun  in  the  center  of 
them.  The  planet  Venus  is  drawn  in  eight  different 
litiTations,  with  it's  illuminated  hcmifpheres  to* 
wards  the  fun.  If  we  fuppofe  the  earth  to  be  at 
T,  when  Venus  is  at  A,  her  dark  hemifphere  is 
towards  the  earth,  and  (lie  is  therefore  invifible, 
except  the  conjundion  happens  in  her  node,  for 
then  fhe  appears  like  a  dark  fpoc  upon  the  difcof 
the  fun.  When  Venus  is  at  B,  a  little  of  her  en- 
lightened  fide  is  turned  towards  the  earth,  and 
therefore  flie  appears  (liarp^horncd  ;  w  hen  Ihe  is  at 
C,  half  her  enlightened  hemifphere  is  rurned  to- 
wards the  earth,  and  ftic  appears  like  an  half  moon; 
at  D,  more  than  half  her  enlightened  hemifphere  is 

towards 


On  Astronomy.  ^3 

towards  us,  and  (he  appears  like  the  moon  about 
three  days  before  it  is  full ;  at  E,  the  whole  en- 
lightened hemifphere  is  towards  the  earth.  Venus 
is  then  either  behind  the  fun^  or  fo  very  near  him, 
that  (he  can  hardly  be  feen;  but  if  Ihe  could,  (he 
would  appear  round  like  the  full  moon.  At  F  flic 
is  like  the  moon  three  days  after  the  full;  at  G 
like  a  half  moon  again  ;  at  H  like  a  crefcent,  with 
the  points  of  the  horns  turned  the  contrary  way  to 
what  they  were  at  B.  All  this  is  equally  applica- 
ble to  Mercury. 

Fig,  2,  pi.  8,  exhibits  the  different  appear- 
ances of  Venus,  correfponding  to  her  fevenil  fitua- 
lions  in  the  foregoing  figure;  thus  when  Venus  is 
at  A,  j?f.  I,  fhe  is  quite  dark,  as  at  A,  fig.  2  \  when 
Ihe  is  at  B,  Jig,  i,  ftic  appears  as  at  B,  fig.  2,  &c. 

The  inferior  planets  do  not  fiiinc  brighteft 
when  they  are  full ;  thus  Venus  does  not  appear 
brighteft  in  her  fuperior  conjunction,  though  her 
illuminated  hemifphere  be  then  turned  towards  us. 
Her  fplendor  is  more  diminilhed  by  her  being  at 
a  greater  diftance  from  us,  than  the  confpicuous 
part  of  her  illuminated  difc  is  increafed.  Dr. 
Halley  has  (liewn,  that  Venus  is  brighteft  when  her 
elongation  from  the  fun  is  about  40  degrees.  Mer- 
cury is  in  his  greateft  brightncfs,  when  very  near 
his  utmoft  elongation. 


•o 


Of  Mercuky, 

The  planet  Mercury  rcfcmblcs  Venus  in  all 
the  circumftances  of  her  apparent  motion,  and  we 
make  (imilar  inferences  with  refpecl  to  the  real 
motions.  His  6rbit  is  an  cllipfe,  having  the  fun  in 
one  focus.  The  apfides  move  eaftward  r  degree, 
57  minutes,   20  Icconds  in  a  century ;  the  nodes 

move 
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moveweftward  45  feconds  in  ayeaf;  andaroitMt 
dcfcribed  proportional  to  the  times* 

Of  the  Superiqr  Pianbts, 

The  fuperior  planets  exhibit  phenomena  con* 
fiderably  different  from  thofe  exhibited,  b/  Mer* 
cury  and  Venus. 

They  come  to  our  meridian  both  at  noon  wod 
midnight ;  when  they  come  to  our  n^eridian  at 
noon^  and  are  in  the  ecliptic,  they  are  never  feea 
c^iRng  the  fun's  difc. 

Tney  are  always  retrograde  when  in  oppofir 
tion,  and  diredt  when  in  conjundlion. 

I  have  already  obferved  to  you,  that  the 
|rreateft  elongation  of  either  of  the  inferior  planeta 
IS  lefs  than  90  degrees,  or  a  quarter  of  a  ckclci  fo 
that  they  are  never  far  from  the  fun,  but  conftantly 
attend  it.  But  the  fuperior  planets  do  not  always 
accompany  the  fun^  as  the  inferior  ones  do :  they 
are  indeed  fometimes  in  conjun(5lion  with  it,  but 
then  they  are  alfo  fometimes  in  oppojithn  to,  or 
i8o  degrees  from  it. 

To  be  more  particular,  let  S,  fig.  3,  pL  6,  be 
the  fun ;  A  B  C  D  the  orbit  of  any  fuperior  planet. 
Mars,  for  inftance ;  E  F  G  the  earth's  orbit.  If 
the  earth  be  at  £,  the  fun  at  S,  and  the  planet  at 
D,  the  fun  and  the  planet  will  be  both  on  the  fame 
fide  of  the  earth  ;  and  confequendy  the  planet  will 
appear  in  conjunflion  with  the  fun.  But  as  the 
orbir  of  the  earth  is  between  the  fun  and  the  orbit 
of  the  fuperior  planet,  it  is  pofTible  for  the  earth  t9 
be  between  tt^e  fun  and  the  #planet,  and  confe* 
.'  quently  for  the  planet  and  the  fun  10  be  on  oppo- 
^  lite  fides  of  the  earth,  or  the  planet  to  be  in  oppo^ 
fition  ;  thus,  if  wl^en  the  earth  is  at  E,  Mars  be  aC 
A«  he  is  then  iu  oppofition  to  the  fun. 

A  fupe- 
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A  fuperior  planet  is  in  quadrature  with  the 
fon,  ivhcn  it's  geocentric  place  is   90*   from  the 

rrentric  place  of  the  fun  $  thus  if  the  earth  be  at 
and  Mars  at  B  or  Q  he  is  in  quadrature  with 
the  fun ;  for  the  lines  A  E»  E  B^  form  a  right  angle^ 
IS  do  alfo  the  lines  E  A,  E  C 

Of  the  Direct,  Stationary,  and  Retrograde 
Motion  of  the  Superior  Planets. 

As  the  earth  goes  round  the  fun  in  lefs  time, 
and  in  a  lefs  orbit  than  any  of  the  fuperior  planets, 
it  will  not  be  amifs  to  fuppofe  a  fuperior  planet  to 
fand'ftill  in  fome  part  of  it's  orbit,  while  the  e^trth 
goes  once  round  the  fun  in  her*s,  and  confidei^  the 
ippeanuices  the  planets  would  then  have,  which  arc 
thefe:  I.  While  the  earth  is  in  hermoft  diftant  fc- 
micircle,  the  apparent  motion  of  the  planet  would 
be  direEt.  1.  While  the  earth  is  in  Jier  neareft  fc- 
micircle,  the  planet  would  be  retrograde.  3. 
While  the  earth  is  near  the  points  of  contafl:  of  a 
Jinc  drawn  from  the  planet,  fo  as  ta  be  a  tangent 
to  the  earth's  cTbit,  the  planet  would  htjiationary. 

To  illuftrate  this,  let  ABCDEFGH,  pi.  7, 
jir.  I,  be  the  orbit  of  the  earth,  S  the  fun,  P  Q  Q  V 
the  orbit  of  Mars,  LM  N  >  an  arc  of  the  ecliptic. 
Let  us  fuppofe  the  planet  Mars  to  continue  at  P, 
while  the  earth  goes  round  in  her  orbit,  according 
to  the  order  of  the  letters  A  li  C,  &c.  A  B  C  D  E 
FGH  may  beconfidcrcd  as  fo  many  ftation's,  from 
whence  an  inhabitant  of  the  earth  would  view  Mars 
at  different  times  of  the  year;  and  if  Itrait  lines  be 
drawn  from  each  of  thefe  flations,  through  Mars  at 
P,  and  continued  to  the  ecliptic,  they  will  point 
out  the  apparent  place  of  Mars,  at  thefe  different 
ftations. 

Thus  fuppofing  the  earth  at  A,  the  planet  will 
be  fecn  among  the  ftars  at  L;  m  hen  the  earth  is  ar- 
rived 
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rived  at  B»  the  planet  will  appear  at  Mi  and  in  the 
fame  manner  when  at  C  D  and  £,  it  will  be  fecn 
among  the  (lars  at  N  R  T ;  therefore^  while  ibt, 
earth  moves  over  the  large  part  of  the  orbit  A  BC 
D£^  the  planet  will  haveanappairene  mocioa  fvta^ 
L  to  T,  and  this  motion  is  from  weft  to  caft,  or 
the  fame  way  with  the  earth ;  and  the  pdanet  is  laid 
^to  move  direif,  or  according  to  the  ordrrof;  dwi 
figns.     When  the  earth  is  near  to  A  ancif E,  the 

Eoint  of  contadt  of  the  tangent  to  the  earth's  or- 
it»  the  planet  will  be  ftationary  for  a  (bortipace 
of  time.  i  . 

When  the  earth  moves  from  E  to  H«  the*!))!- 
net  feems  to  return  from  T  to  N ;  and  vfhilcJft 
moves  from  H  to  A>  it  will  be  retrograde  ta  JU* 
where  it  wilt  again  be  ftationary:  and  (ince  die 
part  of  the  orbit  which  the  earth  defcribes  in  pa£* 
ung  from  A  to  £>  is  much  greater  than  th&pfurjt 
£hP,  though  the  fpace  T  L  which  the  planet  dfr- 
fcribes  in  direi^  and  retrograde  motion  is  the  fame» 
the  dired  motion  from  L  to  T  muft  be  much  flow- 
er than  the  retrograde  motion  from  T  to  L. 

When  the  earth  is  at  C,  a  line  drawn  from  C 
through  S  and  P  to  the  ecliptic,  fhews  that  Man 
is  then  in  conjunction  with  the  fun.  But  when 
the  earth  is  at  H»  a  lUie  drawn  from  H  throu^ 
P,  and  continued  to  the  ecliptic^  would  terminate 
in  a  point  oppofite  to  S ;  therefore  in  this  iituation 
Mars  would  be  in  oppofition  to  the  fun.  Thus  it 
appears  that  the  motion  of  Mars  is  dircdt  when  in 
fonjandlion,  and  retrograde  when  in  oppofition. 

The  retrograde  motions  of  the  fuperior  planets 
happen  oftcncr,  the  flower  their  motions  are;  as 
the  retrograde  motions  of  the  inferior  planets  hap- 
pen oftener,  the  fwiftcr  their  angular  motions ;  be- 
caufe  the  retrograde  motions  of  the  fuperior  planeb 
depend  upon  the  motions  of  the  earth ;  but  thofe 
of  the  inferior  on  their  own  angular  motion.     A 

fuper 
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ftoeriol*  one  is  irtragrtuic  once  ih  each  revolitioA . 
.  m^^ht  ntfth;  an  inferior  one  in  every  revoluticinof 
ifrownw 

3ii:    ■  ^'■.  ■'        :•'•.'.  -      .  -  .-i   ■ 

/4>rim  PmimiflMi  «r  Tnr  Svpirtor  Pt avetk 

c2^  TSk'fbpeiibr  jpl«iet«  tie  fofmedtacR  iiearer  the 
ilfeflib4UknM«thertiflMti  they  alio  appear  larger, 
.or  fmallerj  accordii^  to  dieintefi^vent  diftances 
fMttt  ok  i , IPhti*  ibppcifc  the  earth  to  be  at  C;  if 
MffoilMgiBtJP^  te  >  the  whole  diaiteter'of  Uie 
earth's  orbit  nearer  to  us,  than  if  he  were  at  V^  *. 
a^itaonlfcmieniiy  his  difc  onkift  ajypear.1xrgcr^at  V 
tlMB^iitr'  vflttld  be  at  P,  In  other  pUecs^  the 
di4laiMci9s  df  MUrs  ih>m  die  eaith  are  interme- 

T%e  fuperior  phtnets  going  round  the  fun  in 
lafgafkirbitrihaii  the  earthy  t»m  much  the  greater 
pwr'ljlbdbcft*  enlightened  heinifphere  towards  it, . 
afcdtiiteigfoife  aJMMtr  round  like  the  full  moon,  ex-^ 
cdbrNftfli^  %ho  Jmnetiities  appears  like  the  moon  at 
ailiKttdi(taoice.fronithi;falK  > 

*  TllijTjiiUbflQbve  in  an  ellipfe,  havit^  the  fun  in 
tlRf'^aiteiPi  theartas  defcriboi  are  proportional  ti» 
thft'twfeki* .  '"     ' 

r:  i9%K)r  are  Umff^toA  hearer  to,  fometimes  fur- 
thA  fMtei  dit  eardi^  and  their  apparent  diiuneter 
ift'IlKhmi  tO"  varjraccotding  to  the  difference  in 
tlairtllftancfc. 

Or  TBI  61CMDARY  PlaK£Ts,  or  Satellites. 

.  ..  Ai  thf  moon  turns  round  the  earth,  enlightr 
elHiig  our  ni^hts^  by  refledling  the  light  (he  re- 
ccivci  ifjrotn  the  fun,  io  do  other  fatellitcs  enlighten 
the  planets  to  which  they  belong;  and  as  it  keeps 
coolpai^y  ^ith  the  earth  in  it's  annual  revoiution 
round  the  fun,  fo  do  they  feveraUy  accompany  the 
^OL.  IV.  .  H  planets 
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planets  to  which  they  belong  in  their  feveral 
CDurfcs  round  that  luminary.  Jupiter  has  four 
fatellites,  Saturn  feven,  the  Georgium  Sidus  two. 

The  exiftcncc  of  all  the  fatellites  except  the 
moon  would  have  been  unknown  to  us  without 
the  ufe  of  the  tclcfcope. 

The  fatellites  are  diftinguifhed  according  to 
their  places,  into  firft,  fecond,  &c.  the  firft  being 
that  which  is  ncarcft  the  planet. 

The  fatt  llitcs  revolve  round  their  primaries 
in  elliptic  orbits,  the  primary  planet^  being  in  the 
focus. 

The  orbits  of  all  Jupiter's  fatellites  arc  nearly 
but  not  exadly  in  the  fame  plane,  wHich  pro- 
duced makes  an  angle  with  the  plane  of  Jupiter's 
orbit  of  about  3**.  The  fecond  deviates  a  little 
from  the  reft. 

The  planes  of  the  orbits  of  the  fecondary  planets 
produced,  inrerfeft  the  lielioccntric  orbits  of  their 
primaries  in  two  oppofite  points,  which  are  called 
their  nodes.  The  planes  of  the  orbits  of  the  fatel- 
lites of  Jupiter  and  Saturn  produced,  interfedl  the 
ecliptic  in  two  oppofite  points:  thefe  points  of 
intcrfeflion,  to  dittinguilh  them  from  the  other, 
may  be  called  the  geocentric  nodes  of  the  fatellites. 
The  orbits  of  Jupiter  and  Saturn  are  fo  fmall  in 
comparifon  of  the  fphere  of  the  fixed  ftars,  that  the 
places  of  their  fatellites  nodes  are  not  fenfibly 
altered  by  their  primaries  being  in  different  parts 
of  ihclr  orbits. 

The  orbit?  of  all  Saturn's  fatellites,  except  the 
5th,  which  deviates  from  the  reft  feveral  degrees, 
are  nearly  in  the  fame  plane.  They  are  nearly 
parallel  to  the  plane  of  the  equator.  The  orbit  of 
Saturn's  5th  fatcllite  makes  an  angle  with  the  or- 
bit of  his  primary  of  13^  8'. 

A  fatcllite  in  one  of  it's  nodes,  feen  from  it?s 
primary,  appears  in  the  orbit  of  it's  primary :  in 
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1  other  parts  of  ifs  orbit,  it  has  latitude  fcen  from 
•s  primary. 

Every  circle,  whofe  plane  produced  pafles 
irough  the  eye,  appears  a  ftrait  line :  every  circle 
iewed  obliquely  will  appear  an  cllipfis,  more  or 
:fs  wide,  according  as  the  eye  is  more  or  Icfs 
levated  above  the  plane  of  the  circle.  The  orbit 
f  a  fatcllite  feen  from  the  earth,  when  it's  prima- 
^'s  heliocentric  place  is  in  his  fatellite's  true  node, 
nd  the  earth  in  it's  geocentric  node,  appears  a 
:rait  line:  when  the  primary  is  in  any  other  part 
f  his  orbit,  the  fatellite's  orbit  will  appear  an  cl- 
pfi«,  whofe  Ihorteft  axis  increafes,  the  further 
\ft  prhnary  is  from. the  node  of  the  fatellite. 

The  earth's  orbit  is  fo  fmall  in  comparifon  of 
le  orbits  of  Jupiter  and  Saturn,  that  whatever 
art  of  her  orbit  the  earth  is  in,  when  thefc 
lanets  are  in  their  fatellites  true  nodes,  their 
Ltellites  will  appear  to  defcribe  lines  very  near  to 
:rait  ones. 

When  a  fatellite  is  in  ifs  fuperior  femicircle, 
e.  that  which  is  furthcft  from  the  earth,  it's  geo^ 
entric  motion  is  dired:  when  in  it's  inferior  femi- 
ircle,  /.  e.  that  neareft  our  earth,  it's  geocentric 
lotion  is  retrograde.  Both  thefc  motions  feem 
uickeft,  when  the  fatellite  is  ncarcfl:  the  center 
f  the  primary,  and  flower  when  they  are  more 
iftant;  at  the  greatcft  difiance  they  appear  fta- 
ionary  for  a  Ihort  time. 

Since  the  difiance  of  Jupiter  and  Saturn  from 
ur  earth  is  very  great,  and  our  c  vc  is  never  ele- 
atcd  much  above  the  planes  ot  their  orbits,  every 
itellite  of  Jupiter  or  Saturn  fcen  from  our  earth, 
fill  appear  always  near  it's  primary,  and  to  have 
n  ofcillatory  motion,  fometimes  in  a  ftrait  line, 
ometimes  in  an  elliptic  curve,  going  from  it's  pri- 
aary,  and  returning  to  it  again,  firft  on  one  iidc, 

'■'   '"  on  the  other.     The  fat;-llitcs  of  Jupiter 

O  ^  01 
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pr  Stturn  will  fometiRies  be  hid  ftqm  w  b^  tMv 
primary,  fometimes  pds  between  us  atid  Chetr  pw- 
mary,  ^metiqics  a  fatcUicewill  padls  bittwcrn  m 
(Mid  another  fatellite* 

The  fatellites  and  their  jprimMlst  ointwt^ 
eclipfe  each  other^  but  there  ajc  thne  ci|(^  w 
lirhich  the  iatellites  difappear  to  us«    

The  one  is^  when  the  fa^ilite  is  diredly  be- 
hind thp  bo^y  of  it's  prjimary^  with  refpcA  to  the 
fartbi  this  is  called  an  occult aiion  of  the  p);uiei.    \ 

Another  isj  when  it  is  direAjl^  behind  iti; 
primary,  with  refpedt  to  theyVv,  and  fo  falls  iiit», 
It's  {hadow,  and  fufiers  an  eclipfe^  as  the  mooiu 
when  the  earth  is  interpofed  between  that  M^ 
the  fun. 

The  laft  b,  when  it  is  interpofed  factwom  die  { 
earth  and  it's  primary;  for  then  it  cannoit  |^  4i£>  \ 
tinguiihed  from  the  primary  itfeif.  , 

|t  is  not  often  tn^t  a  fat(:llite  can  be  diicov^ 
cd  upon  the  difc  of  Jupiter,  even  by  the  beft  |€|ct 
fcopes,  eaccepting  at  it's  firft  entrance,  wheii  by 
reafon  of  it's  being  more  diredlly  iUumiqatcd  by 
;he  rays  of  the  fun,  than  the  planet  itfelf,  it  ap- 
pears like  a  lucid  fpot  upon  it;  fometimes  how- 
ever a  fateUite  is  feen  pafling  over  the  difc  like  a 
(dark  fppt;  this  ha$  been  attfibuted  to  fpots  on  the 
furface  of  the  fatellitc,  ^nd  that  the  more  probably 
as  the  fatellite  has  been  known  to  pafs  over  the 
difc  at  one  time  as  a  dark  fpot»  and  at  another 
time  to  be  fo  luminous  as  only  to  be  diftinguiihed 
from  the  planet  at  it's  ingrefs  and  egrefs.  The 
beginnings  and  endings  of  thefe  eclipfcs  are  eafily 
feen  by  a  tclcfcope,  when  the  planet  is  in  a  proper 
iituation;  but  when  it  is  in  conjundion  with  the 
iun,  the  brightncr3  of  that  luminary  render^  botlj 
the  planet  and  the  fatellite  invifible.  .  . 

By  obfcrving  the  eclipfes  of  Jupiter's  f»t(llii^ 
Ijtes,  it  Vidfi  difcovcrcd  (hat  light  is  not  p 
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eatcd  inftAhtaneoufly..  though  it  moves  vrith  aa 
MCredibleYeloeicy ;  fo  that  light  reaches  from  the 
fun  to  us  in  the  fpace  of  eleven  minutes  of  time^ 
at  mprrthantlie  rttteof  loo.ooo  mileis  in  a  fecond. 
-    The  orbits  of  all  the  fatellites  of  Satum,  ex- 
^Tfpt  the  fifth.  Ere  nearly  in  the  fame  plane^  which 
plane  makes  an  angle  with  that  of  Saturn's  orbit^ 
I    of  about  ji"*;  this  intcliiiation  is  To  great,  that 
I    they  cannot  pafs  either  acrofs  $atum  or  behind  itj 
with  refped  to  the  earthy  except  when  they  jfre 
very  near  their  nodes,  fo  rtiat  their  eclipfes  are 
not  near  fo  frequent  as  thofe  of  Jupiteh     An  oc- 
cultation  of  the  fourth  behind  the  body,  of  Saturn 
has  been  obferved,  and  Caifini  once  faw  a  liar  co- 
vered by  the  fourth  fatdlitej  fo  that  for  13  minutes 
they  appeared  as  one. 
B        They  are  fo  minute  as  not  to  be' vifiMe  unlefs 
"the  air  is  exceeding  clear;  Callihi  obferved  the 
fifth  fateilite  to  diminith  in  iize;  as    it   weiit 
through  the  cailern    part  of  it's  orbit,   until   it 
became  quite  invifible,  while  in  the  weftern  part 
it  incrcafed  in  brightnefs^  until  it  Arrived  at  it's 
greateft  fplendor.     In  1705  it  was  vifible  in  all 
parts  of  it's    orbit,  thot^  the  fame  tekfcopes 
were  often  ufcd  befort  to  difcover  it  without  fuc- 

The  Georgium  3iAm  is  attended  by  two  fatel- 

Tiib  fdHowing  table  Ihcws  their  general  af-^ 
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Of  the  Moon*s  MoTro:!^. 

You  have  fcen  that  four  of  the  primary  planets 
arc  attended  in  their  revolutions  by  fecondary 
planets;  we  are  in  like  manner  attended  by  the 
moon,  (he  enlightens  our  nights,  by  reflecting  the 
light  flie  receives  from  the  fun,  as  the  other  fatel- 
litcs  enlighten  the  planets  to  which  they  feverally 
belong. 

If  you  inhagine  the  plane  of  the  moon's  orbit 
to  be  extended  to  the  fphcre  of  the  heaven,  it 
would  mark  therein  a  great  circle,  which  may  be 
called  the  moon's  apparent  orbit;  bccaufe  the 
moon  appears  to  the  inhabitants  of  the  earth  to 
move  in  that  circle,  through  the  twelve  ligns  of 
the  zodiac,  in  a  periodical  month.  This  pofition 
is  illuftrated  by  jig.  3,  pi.  9 ;  let  E  F  G  H  I 
be  the  orbit  of  the  earth,  S  the  fun,  abed  the 
orbit  of  the  moon,  when  the  earth  is  at  E :  let 
A  B  C  D  be  a  great  circle  in  the  fphcre  of  the 
heaven,  in  the  fame  plane  w  ith  the  moon's  orbit. 
The  moon,  by  going  round  her  orbit  according  to 
the  order  of  letters,  appears  to  an  inhabitant 
of  the  earth  to  go  round  in  the  great  circle  A 
BCD,  according  to  the  order  of  thofe  Ictteralk 
for  when  the  moon  is  at  a,  feen  from  the  earth 
at  E,  fhe  appears  at  A;  when  the  moon  is  got 
to  b,  fhe  appears  at  B;  when  to  c,  fhe  will 
appear  at  C;  when  arrived  at  d,  flic  will  appear  at 
D.  It  is  true,  when  the  moon  is  at  b,  ihc  vifual 
line  drawn  from  E,  through  the  moon,  tiirr.i nates 
in  L;  as  it  does  in  M,  when  the  moon  is  at  d;  but 
the  lines  L  M  and  D  B  being  parallel,  and  no: 
farther  diftant  from  each  other  than  the  diftance 
of  the  earth's  orbit,  are  as  to  fcnfe  coincident, 
their  difl:ance  meafurcd  in  the  fphere  of  the  heaven 
being  infeniiblc ;  for  the  fame  reafon,  though  the 
earth  moves  from  E  to  F,  in  the  time  that  the 

H  4  moon 
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moon  goes  round  her  orbits  fo  that  at  the  end  of 
a  periodical  month  the  moon  will  be  at  z,  and  is 
fccn  from  the  earth  at  F,  in  the  line  F  N ;  the  moon 
will,  notwithflanding^  appear  at  A^  the  lines  F  N 
and  E  A  being  parallel,  and  as  to  fenfe  coincident: 
in  like  manner,  in  whatever  part  of  her  orbit  the 
earth  is,  as  at  H  or  I,  the  moon,  by  going  round 
in  her  orbit,  will  appear  to  an  inhabitant  of  the 
earth  to  go  round  in  the  great  circle  A  B  C  D. 

The  plane  of  the  moon's  orbit  produced  till 
it  cuts  the  plane  of  the  ecliptic,  makes  an  angle 
with  it  of  about  5<^:  this  angle  is  fometimes  more, 
fonictimcs  Icfs  then  5^.  The  points  where  the 
moon's  orbit  produced  cuts  the  ecliptic,  are  called 
the  moon's  nodes;  and  her  afcending  ft  the  dra- 
gon's head,  her  dcfcending  node  ^  th.e  dragon's 
tail.  The  moon's  nodes  have  a  (low  motion  of  19^ 
22'  in  a  year,  which  Carries  them  round  the  ecliptic, 
contrary  to  the  order  of  the  figns,  in  19  years. 

The  /hie  of  the  vioon's  node  is  a  line  drawn 
from  one  node  to  the  other. 

Ihc  extremities  of  the  line  of  the  nodes  are 
not  ahvnys  directed  towards  the  fame  points  of 
the  ecliptic,  but  continually  Ihift  their  places 
||:om  call  to  wcft^  or  contrary  to  the  order  of  the 
ii}.rn?5,  performing  an  entire  revolution  about  the 
carili,  in  the  Ipacc  of  fomcihing  lefs  than  nine- 
teen years. 

The  moon  appears  in  the  ecliptic  only  when 
liic  is  in  one  of  her  nodes  :  in  all  other  parts  of  her 
orbit  liic  is  either  in  north  or  fouth  latitude,  fome- 
times nearer  to,  foinctimes  further  removed  from 
the  ecliptic,  according  as  fhc  happens  to  be  more 
or  lefs  diftant  from  the  nodes. 

When  the  place,  in  which  the  moon  appears 

to  an  inhabitant  of  the  earth,  is  the  fame  with  the 

^-W*  place,  (he  isfaid  to  be  in  ('jvjuntiion.    When 

-  r^^^^%  place  is  oppolite  to  the  fuu'ii  place,  flr^ 
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is  faid  to  be  in  opp(yfition.  When  Ihc  -is  a  quarter 
of  a  circle  diftant  from  the  fun,  fhe  is  faid  to  be 
in  quadrature.  Both  the  coajundtion  and  oppoli- 
lion  of  the  moon  are  termed  fyzigies. 

The  common  lunar  month,  or  the  time  that 
paffes  between  any  new  moon  and  the  next  that 
fellows  k,  is  called  a  fynodical  ynontb^  or  a  lunation. 
This  month  contains  29  days,  1 2  hours,  44  mi- 
nuteSy  3  feconds. 

The  moon's  motion  in  her  orbit  is  confidered 
abfolutely,  or  with  relation  to  the  fun.  The  moon's 
motion  in  her  orbit,  which  is  alfo  her  motion  in  lon- 
gitude, isfometimesfwifter,  fomctimes  flower;  her 
mean  motion  is  13  degrees,  10  minutes,  35  feconds, 
in  a  day,  which  carries  her  round  the  zodiac  in  27 
days,  7  hours,  43  minutes.  The  time  wherein  the 
moon  is  carried  round  the  zodiac  is  called  a  perio-^ 
dical  month;  or  a  periodic  month  is  the  time  in 
which  the  moon  performs  one  entire  revolution 
about  the  earth,  from  any  point  in  the  zodiac  to 
the  fame  again;  and  contains  27.  days,  7  hours, 
43  minutes. 

The  moon's  motion  confidered  with  relation 
to  the  fun  is  called  her  elongation  from  the  fun. 
The  moon's  motion  from  the  fun  is  the  excefs  of  the 
velocity  of  the  moon's  motion,  above  the  velocity  of 
the  fun's  apparent  motion;  in  the  ecliptic,  this  ex- 
cefs is  fometimes  Hiorc,  fomctimes  Icfs.  The  mo'^n's 
mean  motion  from  the  fun  is  12  degrees,  11  minutes, 
26  feconds,  in  a  day,  which  carries  the  moon  from 
one  conjunction  with  the  fun  to  another  in  ^9  days, 
12  hours,  44  minutes,  3  feconds.  The  time  be- 
tween any  conjundion  and  the  conjunction  immedi- 
ately following,  as  bcto;c  obfcrvcd,  is  called  a 
fynodical  months  or  a  lunation,  v»  herein  the  moon 
appears  in  all  her  phafcs. 

If  the  earth  had  no  revolution  round  the  fun, 
^*r  the  fun    no  apparent  motion  in  the  ev^iiptir, 

th.; 
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the  periodical  and  fynodical  month  would  be 
fame;  but  as  this  is  not  the  cafe»  the  moon 
up  a  longer  time  to  pafs  from  one  conjuodic 
to  the  next^  than  to  defcribe  iVs  whole  orbit; 
the  time  between  one  new  moon  and  the  nextj 
longer  than  the  moon's  periodical  time. 

The  moon  going  round  our  earth  in* an  orbit^ 
whofe  femidiameter  is  lefs  than  the  neareft  diftance' 
of  any  planet,  may  come  between  our  eye  and  any 
plaiiet  or  ftar  that  is  near  the  ecliptic.  -  The  time 
when  the  moon  appears  to  touch  a  planet  or  ffau; 
is  called  it's  apptil/e,  which  being  inftantaneoas^ 
ferves  to  determine  the  longitude  of  different  placet 
where  it  is  obferved. 

The  moon  revolves  round  the  earth  from  weft 
to  eaft,  and  the  fun  apparently  revolves  round  the 
earth  the  fame  way.  Now  at  the  new  moon,  or 
when  the  fun  and  moon  are  in  conjundion,  they 
both  fet  out  from  the  fame  place,  to .  move  the 
fame  way  round  the  earth;  but  the  moon  moves 
much  fafter  than  the  fun,  and  confequently  will 
overtake  it ;  and  when  the  moon  does  overtake 
it,  it  will  be  a  new  moon  again.  If  the  fun  had 
no  apparent  motion  in  the  ecliptic,  the  moon 
would  come  up  to  it,  or  be  in  conjunction  again, 
after  it  had  gone  once  round  in  it's  orbit;  but 
as  the  fun  moves  forward  in  the  ecliptic*  whilft 
the  moon  is  going  round,  the  moon  mull  move  a 
little  more  than  once  round,  before  it  comes  even 
with  the  fun,  or  before  it  comes  to  t:onjundion. 
Hence  it  is  that  the  time  between  one  conjunction, 
and  the  next  in  fuccciTion,  is  fomething  more  than 
the  time  the  moon  takes  up  to  go  once  round  it's 
orbit;  or  a  fynodical  month  is  longer  than  a  perio«- 
dical  one. 

In  fig'  3>  P^'  8,  let  S  be  the  fun,  C  F  a  part 
of  the  earth's  orbit,  M  D  a  diameter  of  the  moon's> 
orbit  when  the  earth  is  at  A,  and  m  d  another 

diameter 
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ifljiameter  parallel  to  the  former,  when  the  earth  is 

|mt  B,     Whilft  the  earth  is  at  A,  if  the  moon  be  at 

rl>j  flie  will  be  in  conjunction;  and  if  the  earth 

""  "was  to  continue  at  A,  when  the  moon  had  gone 

loncc  round  it's  orbit,  from  D  through  M,  fo  as  to 

return  to  D  again,  it  would  again  be  in  conjunc- 

,  tion.     Therefore,  upon  the  fuppolition  that  the 

L'  earth  has  no  motion  in  it*s  orbit,  the  periodical 

1  and  fynodical  months  would  be  equal  to  one  another. 

* -But  as  the  earth  does  not  continue  at  A,  it  will 

3  move  forwards  in  it's  orbit,  during  the  revolution 

"    of  the  moon  from  A  to  B :  and  as  the  moon's  orbit 

'    moves  with  it,  the  diameter  MD  will  then  be  in 

the -pofition  md;  therefore,  when  the  moon  has 

..   defcribed  it's  orbit,  it  will  be  at  d  in  this  diameter 

J    md  5  but  if  the  moon  is  at  d,  and  the  fun  at  S,  the 

moon  will  not  be  in  conjunction,  confcqucntly  the 

periodical  month  is  completed  before  the  fynodical. 

The  moon,  in  order  to  come  to  conjunction,  when 

the  earth  is  at  B,  muft  be  at  e,  in  the  diameter  c  f ; 

or  befides  going  once  round  in  it's  orbit,  it  mult 

alfo  dcfcribe  the  arc  de.     The  fynodical  month  is, 

therefore,  longer  than  the  periodical,  by  the  time 

the  moon  takes  up  to  defcribe  the  arc  d  e. 

This  may  be  alfo  explained  in  another  man« 
ner,  by  confidering  the  motion  of  the  fun ;  a  view 
of  the  fubjedt,  that  may  rci]d?r  it  more  eafy  to 
fome  young  minds  than  the  f .  rcgoing.  Thus  let 
us  fuppofe  the  earth  at  reft  at  E,  Jig.  4,  pi.  8,  M  the 
moon  in  conjunction  with  the  fun  at  S,  while  the 
tsxoon  defcribes  her  orbit  ABC  about  the  earth  ac 
E,  let  the  fun  advance  by  his  apparent  annual  mo- 
tion from  S  to  D.  It  is  plain  that  the  moon  will 
ftot  Come  in  conjundion  with  the  fun  again,  till, 
befides  defcribing  her  orbit,  {x\c  hath  defcribed, 
over  and  above,  the  arch  MF,  corrcfponding  to  the 
arch  S  D. 

As  Jhc  moon  goes  round  the  earth  in  a  much 

fmaller 
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fmdXltr  orbit  than  that  in  which  the  earth  rcroKti 
round  the  fun,  fomctitncs  more,  fometimes  kfi^ 
and  fometimes  no  part  of  her  enlightened  half  will 
be  towards  us;  hence  (he  is  incelTandy  vMifing 
her  appearance ;  fometinies  (he  looks  fuJJ  upon  us, 
and  her  vifage  is  all  hiftre^  fometinies  flic  fhcwf 
only  half  her  enlightened  face,  foon  (he  appears  a 
a  radiant  crcfcent,  inalittle  time  all  her  brightncfs 
iranifhes,  and ihe  becomes  a  beamlefsorb. 

The  full  moon,  or  oppofition,  is  that  ftatc  m 
which  her  whole  difc  is  enlightened^  and  we  fee  it 
ail  bright,  and  of  a  circular  (igure.  The  new  moon 
it  when  (he  is  in  conjunction  with  the  fun ;  in  this 
ftate,  the  whole  furface  turned  towards  us  is  dark* 
and  ihe  is  therefore  inyifible  to  us. 

The  firft  quarter  of  the  moon  flie  appears  In 
the  form  .of  a  fcmicircle,  whofc  circumterencc  is 
turned  towards  the  weft.  At  the  laft  quarter,  (he 
appears  again  under  the  form  of  a  femicircle, 
but*  with  tne  circumference  turned  towards  the 
eaft. 

The  moon  is  generally  invifiblc  a  day  or  two 
before  and  after  cohjundion,   and    the   obfcurc  . 
light  vifible  in  the  moon  a  litde  before  and.  after  ' 
conjundlion  is  reflected  upon  her  from  the  earth. 

Thefe  phafes  may  be  illuftrated  in  a  very  ptea- 
fing  rnanner,  by  expofing  an  ivory  ball  to  the  Gxt^ 
in  a  variety  of  pofitions,  by  which  it  may  preleht 
a  greater  or  Smaller  part  of  it*s  illuminated  furface 
to  the  obfcrver.  If  it  be  held  nearly  ia  opppfitioi|» 
fo  that  the  eye  of  the  obferver  may  be  atmoft 
immediately  between  it  and  the  fun,  the  greateS 
part  of  the  enlightened  fide  will  be  feen  ;  but  if  it 
be  moved  in  a  circular  orbit,  towards  thic  fi;rn»  dio 
vifible  enlightened  part  will  gradually  decrealc* 
and  at  laft  difappear,  when  the  ball  is  held  direfl'^ 
tQwards  the  fun.  Oc  to  apply  the  experimental 
tnimcdiately  to  our  purjx)fc  ;  if  the  ball^  a 
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time-ti^Mii  (he  fim  md  moon  are  b*h  vifible,  be 

Md  diM&ly  bcmreen  the  eye  of  the  obferver  and 

ihc  jBEieon^  that  ^arc  of  the  ball  on  which  the  fun 

tiuiet,  will  appoir  exa&ly  of  the  fame  figure  as  the 

aoraltfeU: 

The  phflfet  of  the  moon.  like  thofe  of  Vctms, 
Mji^  Dcilltiftrated  by  a  diagram  ;  thus  in^^.  i, 
^9^  let  S  be  the  fun,  T  the  earth»  ABCDEF 
6Hthe  orbit  of  the  moan.  The  firft  obfervation 
li  be  deduced  from  this  fisure,  is>  that  the  half  of 
ik  earth  «nd  ntoon  which  i«  towards  the  ftm,  is 
liioHf  eidig^tened  by  it ;  and  cheother  h^f,  which 
h  tuned  from  it,  is  totally  dark.  When  the  moon 
ilia  cmjsinfiioa  with  the  fun  at  A,  her  enU^rencd 
hemilphere  is  turned  towards  the  fun,  and  the  dark 
ine  towAids  the  earth ;  in  which  cafe,  we  cannot 
fee  hcr^  and  it  is  faid  to  be  new  moqn.  When 
ike  noon  has  moved  from  A  to  B,  a  fmall  por- 
tioB  ab  of  her  enlightened  hcmifphere  will  be 
tened  towards  the  earth  ;  which  portion  will  ap- 
pear of  the  form  reprcfented  at  B,fig.  2,  pL  9,  (a 
figure  which  exhit^its  the  phafes  as  they  appear 
ID  us). 

As  the  moon  proceeds  in  her  orbit,  according 
to  die  order  of  the  letters,  more  and  more  of  her 
oiiightened  part  is  turned  towards  the  earth.  When 
flic  arrives  at  C,  in  which  pofition  (he  is  faid  to  be  in 
(|aidrature,  onchalf  of  that  part  towards  the  earth  is 
enlightened,  appearing  tis  at  C  among  the  phafes  ; 
this  appearance  is  called  a  half  moon.  When  fi.e 
comes  to  D,  the  greateft  part  of  that  half  which  is 
toward^  us  is  enlightened;  the  moon  is  then  laid 
to  be  gibbous,  and  of  that  figure  which  is  leen  at 
D,  in  fig.  2. 

When  the  moon  comes  to  F,  (he  is  in  oppofi- 
tion  to  the  fun,  and  confcquently  turns  all  her  il- 
luminated furface  towards  the  earth,  and  fhines 
Vith  a  full  face,  for  which  reafon  flie  is  called  a 

full 
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full  modn.  As  (he  paffes  through  the  Mha*  h«ff iif 
her  orbits  from  Eby  FG^  and  H  to  A  agkifijIA^ 
puts  on  the  fame  phafes  as  before^  but  iit  a  coitMi^ 
order  or  pofition.  ■'j'.i 

As  the  moon^  by  refleded  light  from  the  fifqj 
illuminates  the  earthy  fo  the  earth  does  oftihb' than 
repay  her  kindnefs>  in  enlightening  the  iinfiice  of 
the  moon^  by  the  fun's  reflex  lights  which^fte  dil^: ' 
fufes  more  abundantly  upon  the  moon,  thandi^ 
moon  does  upon  us ;  for  the  furface  of  tte  tanll^ 
is  confiderably  greater  than  that  of  the  moon/ 
and  confequently  if  both  bodies  reflefi  liglit  in 
proportion  to  their  fize^  the  earth  will  rdHeBt 
much  more  light  upon  the  moon  than  it  receives 
from  it. 

In  the  new  moon^  the  illuminated  fide  of  the 
earth  is  fully  turned  towards  the  moon,  and  ^che 
Lunarians  will  have  a  full  earthy  as  we^  in  a  fimilar 
pofition^  have  a  full  moon.  And  from  thence 
arifcs  that  dim  light  which  is  obferved  in  the  old 
and  new  moons^  whereby,  befides  the  bright  and 
fliining  horns,  we  can  perceive  the  reft  of  her  body 
behind  them,  though  but  dark  andobfcure.  Now 
when  the  moon  comes  to  be  in  oppofition  to  the 
fun,  the  earth,  feen  from  the  moon,  will  appear  in 
conjunQion  with  him,  and  it's  dark  fide  will  be 
turned  towards  the  moon,  in  which  pofition  the 
earth  will  be  invifible  to  the  Lunarians ;  after  this, 
jthe  earth  will  appear  to  them  as  a  crcfcent.  In  a 
♦'ord,  the  earth  exhibits  the  fame  appearance  to 
the  inhabitants  of  the  moon,  that  the  moon  does 
to  us. 

.The  moon  turns  about  it's  own  axis  in  the 
lame  time  that  it  moves  round  the  earth  ;  it  is  on 
this  account  that  (he  always  prcfcnts  nearly  the 
feme  face  to  us:  for  by  this  motion  round  her  axis, 
Ihe  turns  juft  fo  much  of  her  furface  conllantly  to- 
M  ards  us,  as  by  her  motion  about  the  earth  wc"*^ 
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be  .turned  from  us.  This  motion  about  her  axis  is 
equable  and  uniform^  but  that  about  the  earth  is 
unequal  and  irregular,  as  being  performed  in  an 
eHipfis  ;  confequently  the  fame  prccife  part  of  the 
moon's  furface  can  never  be  (hewn  conftantly  to 
the  earth ;  which  is  confirmed  by  a  tclefcope,  by 
which  we  often  obferve  a  little  fegment  on  the 
caftern  and  weftern  limb^  appear  and  difappear  by 
turns,  as  if  her  body  librated  to  aiid  fro  ;  this  phe- 
noinenon  is  called  the  moon*s  libration.  The 
lunar  motions  are  fubjedl  to  feveral  other  irregula- 
rities,  which  a;:e  fully  difcuiTed  in  the  larger  works 
oiiaftronomy. 
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LECtURE  &L, 

Ot  ficti?sA. 


TfjlOS£  p£trn<>mcn«  that  m  ccipjed^fc)^ 
^i^re  10  fonner  ages  beheld  wi^hti^i^ 
atnazement^  atu)  looked  upon  'as  prpoil  "^ 
portended  calamity  and  mifery  to  mankihS 
fearsj  and  the  erroneous  opinions  which  pspduced 
them,  had  their  fource  in  the  hieroglyphical  lan« 
guage  of  the  firft  inhabiunts  of  the  eajth.  We  do 
noc^  however^  iftiagine  that  even  the  moft  ancient 
of  thefe  knew  any  more  oF  Vfk  laws  and  motioni 
of  the  heavenly  bodies^  than  what  could  be  di& 
covered  from  immediate  fight ;  or  that  they  knew 
enough  of  the  lunar  fyftem  to  calculate  an  ecfipfe^ 
or  even  that  they  ever  attempted  it. 

The  word  eclipfe  is  derived  from  the  Greek, 
?ind  fignifies  derelidion,  a  fainting  away,  or  fwoon- 
ing.  Now  as  the  moon  falls  into  the  fhadow  of 
the  eafth,  j^nd  is  deprived  of  the  fun's  enlivening 
rays,  at  the  time  of  her  greatell:  brightnefs,  and 
even  appears  pale  and  languid  before  her  obfcura- 
tion,  lunar  eclipfes  were  called  lun<e  labores^  the 
ftruggles  or  labours  of  the  moon ;  to  relieve  her 
from  ihefe  imagined  diftrelles,  fuperftition  adopted 
methods  a^  impotent  as  they  were  abfurd. 

When  the  moon,  by  pafTmg  between  us  and 
the  fun,  deprived  the  earth  of  it's  light  and  heat^ 
the  fun  was  thought  to  turn  away  his  face,  as  if 
in  abhorrence  of  the  crimes  of  mankind,  and  tfl^^ 
threaten  ev^i-lafting  night  and  dclifuvition  to  '"i 
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rorld.  But  thanks  to  the  advancement  of  fcience, 
rhich^  while  it  has  delivered  us  from  the  foolifh 
ears  and  idle  apprehenfions  of  the  ancients,  leaves 
is  in  pofleflion  of  their  reprefentative  knowledge, 
inaibles  us  to  explain  the  appearances  on  which  it 
vas  founded,  and  points  out  the  perverfion  and 
ibufe  of  it. 

Any  opake  body  that  is  expofed  to  the  light  of 
he  fun,  will  caft  a  fliadow  behind  it.  This  fhadow 
s  a  fpacc  deprived  of  light,  into  \vhich  if  another 
Kxly  comefll,  it  cannot  be  feen  for  want  of  light; 
:he  body  thus  falling  within  the  fhadow,  is  faid  to 
iteclip/ed. 

The  earth  and  moon  t3eing  opake  bodies,  and 
leriving  their  liffht  from  the  ^n^  do  each  of  them 
raft  a  (hadow  behind,  or  towards  the  hemifphere 
>ppofed  to  the  fun.  Now  when  either  the  moon 
»r  the  earth  palTes  through  the  other  (hadow,  it  is 
hereby  deprived  of  illumination  from  the  fun,  and 
>ecome8  invifible  to  a  fpedtator  on  the  body  from 
i^hence  the  (hadow  comes;  and  fuch  fpedlator  will 
ibfcrvc  ah  eclipfe  of  the  body  which  is  pafling 
hrough  the  (hadow;  while  a  fpedatbr  on  the 
KxIy  which  pafTes  through  the  (h^dcrw,  will  ob- 
erve  an  eclipfe  of  the  fun,  being  deprived  of  his 
ight. 

Hence  there  muft  be  three  bodies  concerned 
n  an  eclipfe  ;  i.  the  luminous  body;  2.  the  opake 
X)dy,  that  cafts  the  (hadow  ;  and  3.  the  body  in- 
volved in  thelhadow. 

Of  Eclipses  of  the  Moon. 

As  the  earth  is  an  opake  body,  enlightened  by 

the  fun,  it  will  caft  a  (hadow  towards  thofc  parts 

tKit  are  oppofiite  to  the  fun,   and  the  axis  ot  this 

^*^4ow  will  always  be  in  the  plane  of  the  ecliptic, 

'  *^th  the  fun  and  the  earth  are  always  there. 

I  The 
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The  fun  and  the  earth  are  both  fpherical  bo- 
dies; if  they  were,  therefore,  of  an  equal  fize,  the 
fhadow  of  the  earth  would  be  cylindrical,  as  in  Jfg'. 
5,  pL  8,  and  would  continue  of  the  fame  breadth  at 
all  diflanccs  from  the  earth,  and  would  confe- 
qucntly  extend  to  an  infinite  diftance,  fo  that  Ma«, 
Jupiter,  or  wSaturn,  might  be  eclipfcd  by  it;  but 
as  thefe  planets  are  never  eclipfed  by  the  earth, 
this  is  not  the  fhape  of  the  (hadow,  and  confequenU 
ly  the  earth  is  not  equal  in  fize  to  the  fun. 

If  the  fun  were  lefs  than  the  earth,  thelhadow 
would  be  wider,  the  farther  it  was  from  the  earth, 
fee  fi^.  6,  pi.  8,  and  would  therefore  reach  to  the 
orbits  of  Jupiter  and  Saturn,  and  eclipfe  any  of 
thcfc  planets  when  the  earth  came  between  the 
fun  and  them ;  but  the  earth  never  eclipfes  them, 
therefore  this  is  not  the  fhape  of  it's  Ihadow, 
and  confcqucntly  the  fun  is  not  lefs  than  the  earth. 

As  we  have  proved  that  the  earth  is  neither 
lirj};cr  nor  equal  to  the  fun,  we  may  fairly  conclude 
that  it  is  lefs ;  and  that  the  lliadow  of  the  earthis 
;\  rone,  which  ends  in  a  point  at  fome  diftanccfrom 
the  carrh,  ice  /%.  7,  pL  8, 

I'lic  axis  of  the  earth's  fliadow  falls  always 
upon  th.it  point  of  the  ecliptic  that  is  oppolite  to 
the  lunS  geocentric  place  ;  thus  if  the  fun  be  in  the 
firir  point  of  Aries,  the  axis  of  the  earth's  fha- 
dow w  ill  terminate  in  the  liifl  point  of  Libra.  It 
i'^  clear,  therefore,  that  there  ri.n  be  vo  eclipje  of 
thcuy.yi  Lit  zvhcn  the  earth  is  interpojcd  beizveen 
it  ivui  the  jHu^  that  i.s,  at  the  tiuie  of  it's  oppofition^ 
or  zvhen  it  is  full ;  for  unlefs  it  is  oi^pofite  to  the 
fun,  it  can  never  be  in  the  earth's  lluidow  :  and  if 
the  moon  did  always  move  in  the  plane  of  the 
cclij)cic,  fiie  would  every  full  inoon  pafs  through 
the  body  of  the  fliadow,  and  there  would  be  a  total 
cclipfe  of  the  moon. 

We  have  already  obfcrved,   that   the  in< 
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>rbit  i^  inclined  to  the  plane  of  the  ecliptic,  and 
3nly  coincides  with  it  in  two  places,  which  are 
termed  the  nodes.  It  may,  therefore,  be  full 
moon  *  without  her  being  in  the  plane  of  the 
ecliptiq ;  (he  may  be  cither  on  the  north  or  the 
fouth  fide  of  it;  in  cither  of  thefe  cafes,  fhe  will 
not  enter  into  the  Ihadow,  but  be  above  it  in  the 
one,  below  it  in  the  other. 

To  illuftratc  this,  let  HG,  fig.  i,pl.  10,  rcprc- 
font  the  orbit  of  the  moon,  E  F  the  plane  of  the 
ecliptic,  in  which  the  center  of  the  earth's  fliadow 
always  moves,  and  N  the  node  of  the  moon's  orbit ; 
A  B  C  D  four  places  of  the  Ihadow  of  the  earth  in 
the  ecliptic.  When  the  fhadow  is  at  A,  and  the 
moon  at  I,  there  will  be  no  eclipfe;  when  the  full 
moon  is  nearer  the  node,  as  at  K,  only  part  of  her 
globe  paffes  through  the  fhadow,  and  that  part  be- 
coming dark,  it  is  ciilcd  2,  partial  etlip/e  ;  and  it  is 
faid  ;o  be  of  fo  many  digits  as  there  are  twelve 
parts  of  the  moon's  diameter  darkened.  When 
the  full  moon  is  at  M,  Ihe  enters  into  the  fliadow 
C,  and  pafling  through  it  becomes  wholly  darken- 
ed at  L,  and  leaves  the  fliadow  at  O ;  as  the  whole 
body  of  the  moon  is  here  immcrfed  in  the  fliadc, 
this  is  call«d  a  total  eclip/e.  But  vhen  the  moon's 
center  pafles  through  that  of  the  fliadow,  which  can 
only  happen  when  flic  is  in  the  node  at  N,  it  is  cal- 
led a  total  and  central  eclipfe.  There  will  always 
be  fuch  eclipfes,  when  the  center  of  the  moon,  and 
axil  of  the  fliadow,  meet  in  the  nodes. 

I  2  The 


*  A  vbiic|^M|kA  in  oppoHtion  to,   or  conjunflion  with  the 

fun,wiUIOUt'^^^Hj|right  line  that  palf.'s  through  the{una::d 

tlieeirth.    A^B^Hlktenn  it  in  conj'.\n6tion  with  the  fun,   if 

ithetn  the  zodiac;  in  oppofuion,  ifitbcina 

'  "»e  Tom  the  lun. 


4(6      Lectures  oh  Natukai.  pHitosorar, 

The  duration  of  a  central  ecltpAf » fb 
to  let  the  moon  go  the  tength  of  three  of  iffe  _ 
meters  totally  eclipfed,  which  fiay-iii  AetiAin 
ihadow  is  computed  to  be  about  four  hoHrliiyAMk 
of  the  moon  takes  one  hour  from  it's  begkiiAig  » 
enter  the  (hadow^  till  quite  immerfed  cheivfiHr  Ni 
hours  more  (he  continues  totally  dark;  Ml  fhl 
fourth  hour-  is  taken  up  from  her  firft  begiHilkM^ » 
come  out  of  the  fhadow,  till  (be  is*  quite  out  efit. 

From  the  magnitude  of  the  fun^  thefizeof^ 
earthy  their  diflance  from  each  other»  the  rtAs^ 
tion  of  the  atmofphere,  and  the  di(fauice  of  dii 
moon  from  the  earthy  it  has  been  cak:alatkd«^  dtit 
the  (hadow  of  the  earth  terminates  in  a  peteli 
\yhich  does  not  reach  fo  far  as  the  moon'b  OMu 
The  moon  is  not^  therefore^  eclipfed  by  tltie  (bidb* 
of  the  earth  alone.    The  atmofpnere^  by  refnbftklg 
fome  of  the  rays  of  the  fun,  and  reftefting  ottami 
cafts  a  (hadow,  though  not  fo  dark  a  anc  as  diii 
which  arife^  from  an  opake  body ;  when,  thereforej^ 
we  fay  that  the  moon  is  eclipfed,   by  pafling  into 
the  fhadow  of  the  earth,   it  is  to  be  underftbod  of 
the  (hadow  of  the  earth,  together  with  it*s  atiiiOi* 
fphcrc.     Hence  it  is  that  the  moon  is  vi(ible  in 
eclipfcs,  the  (hadow  caft  by  the  atmofphere  not  be- 
ing fo  dark  as  that  caft  by  the  earth.     The  cone  of 
this  (hadow  is  larger  than  the  cone  of  the  earth's 
(hadow,  the  bafc  thereof  broader,  the  axis  loi^er« 
There  have  been  eclipfes  of  the  moon,  in  which  the 
moon  has  entirely  difappcared:   Hevclius  mentions 
one  of  this  kind,  which  happened  in  Augufl:  1647^ 
when  he  was  not  able  to  diftinguilh  the  place  of 
the  moon,  even  with  a  good  telefcope,  although 
the  (ky  was  Aifficiently  clear  for  him  tofeetheHan 
of  the  fifth  magnitude.  ^    \ 

AH  opake  bbdies,  when  illuminated  by  thcfi^t 
of  the  fun,  caft  a  (hadow  from  them,  which  is  ^^ 
conipaflcd  by  a  penumbra^  or  thinner  Ihadow^ 
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vliere  furrounds  the  former,-  growing  larger  and 
Ivger  as  we  recede  from  the  body  ;  in  other 
vqrdsy  the  penumbra  is  all  that  fpace  furrounding 
the  (hadow^  into  which  the  rays  of  light  can  only 
come  from  fome  part  of  that  half  of  the  globe  of  the 
liin»  which  is  turned  towards  the  planet,  all  the  reft 
being  intercepted  by  the  intervening  body. 

Xct  S,  fig.  2,  pL  10,  be  the  fun,  E  the  pla- 
net, then  the  penumbral  cone  is  FGH.  The 
nearer  any  part  of  the  penumbra  is  to  the  Ihadow, 
the  Icfs  light  it  receives  from  the  fun ;  but  the  fur- 
ther it  is,  the  more  it  is  enlightened ;  thus  the  parts 
of  the  penumbra  near  M  are  illuminated  by  thofe 
rays  of  light,  which  come  from  that  part  of  the  fun 
near  to  I,  all  the  reft  being  intercepted  by  the  pla- 
net E;  in  like  manner,  the  parts  about  N  can  onl/ 
receive  the  light  that  comes  from  the  part  of  the 
fun  near  to  L,  whereas  the  parts  of  the  penumbra 
at  P  and  Q  are  enlightened  in  a  much  greater  de- 
gree: for  the  planet  intercepts  from  P  only  thofe 
rays  which  come  from  the  fun  near  L,  and  hides 
from  Q  only  a  fmall  part  of  the  fun  near  I. 

The  moon  pafTcs  through  the  penumbra  before 
(he  enters  into  the  ihadow  of  the  atmofphere ;  this 
caufes  her  gradually  to  lofe  her  light,  which  is  not 
fenfible  at  firft,  but  as  fhe  goes  into  the  darker  part 
of  the  penumbra,  Ihe  grows  paler  ;  the  penumbra, 
where  it  is  contiguous  to  the  fhadow,  is  fo  dark, 
that  it  is  difficult  to  diftinguilh  one  from  the 
other.  If  the  atmofphere  be  ferene,  every  cclipfo 
of  the  moon  is  viiiblc  at  the  fame  inflant  to  all  the 
inhabitants  of  that  fide  of  the  earth  to  which  (lie  is 
qppoiite. 

If  we  imagine  a  plane  parallel  to  the  bafe  of 
the  earth's  conical  fliadow  to  pafs  through  the 
Ihadow  at  the  diftance  of  the  moon's  center  from 
the  earth,  there  will  be  projedcd  upon  the  plane, 
she  circle  of  the  earth's  fhadoW)  furroundcd  with 
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the  circle  of  the  penumbra :  the  centdr  of  thoft  dr- 
cles  it  always  in  the  plane  of  the  ecliptic.     TheJ 
circle  of  the  earth's  (hadow.  when  the  earth  h  at  rhe 
fame  diftance  from  the  fun,  is  grcaEcr,  the  nearer 
the  moon  is  to  the  earth.  The  circle  of  the  earth's 
fhadow  is  greater,  when  the  moon  is  ac  the  fame 
diftance  from  the  earth,  the  further  the  earth  is 
froip  the  fup.     The  apparent  feinidiameter  of  the  i  | 
moon  in  her  fyz>gies  is  about.  15   minutes:   the    ' 
£bmidiameter  of  the  circle  of  the  earth's  ihadon; 
is  about  three  times  as  great  as  the  feniidiamcter  of 
the  moon. 

If  the  moon  in  oppoiition  be  in  the  nod|e,die' 
eclipfe  of  the  moon  will  be  total  and  central:  if" 
very  near  the  node,  total,  but  not  central  :/jf  fp  ftr 
from  the  node  that  only  part  falls  into  the  (hadoWi 
the  eclipfe  js  partial:  if  fo  far  from  the  nodc,-that 
the  diftance  of  her  center  from  the  center  of  the 
circle  of  the  carth*s  (hadow  is  greater  than  the 
fcmidiameter  of  the  fhadow  added  to  the  femidi- 
ametcr  of  the  moon,  fhe  will  not  be  eclipfed  at 
Jill.  The  moop  paffes  through  the  penumbra  be- 
fore (he  falls  into  the  Ihadow ;  this  makes  hey 
gi-adually  lofe  her  ligl^t,  and  grow  paler, .a  little 
before  {he  begins  to  be  eclipfed. 

The  moon  is  fometimcs  in  the  middle  of  a 
total  eclipfe  invifible  in  fome  places,  and  not  in 
others,  bccaufe  of  the  different  conftitution  of  the 
air;  but  generally  flie  appears  of  a  dufky  red  co-- 
lour,  efpecially   towards  the   edges,    being  mgre 
dark  about  the  middle  of  the  (hadow  :  this  reddifh 
colour  is  owing  to  the  rays  of  the  fun,  or  to  the- 
light  of  the  fun's  atmofphere  refraded  through  the 
earth's  atmofphere,  or  to  the  light  of  the  ftars  an4 
planets,  moft  probably  to  the  firft  of  thefe. 
'    The  lun  or  moon  feen  from  the  earth,  or  the 
earth  feen  from  the  fun  or  moon,  though  fphericaL 
pn  account  of  their  diftance  appear  like  circi»*« 
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planes :  thcfe  circular  planes  arc  called  the  difks 
of  the  fun,  earth,  or  moon.  The  apparent  diameter 
of  the  dilk  of  the  fun  or  moon  is  by  aftronomers 
divided  into  12  equal  parts,  which  are   vjallcd  di- 
gits ;    each  digit  into  60  parts,  which  arc   called 
minutes ;  as  many  of   thtfc   digits    and    minutes 
as  are  covered  by   the  (hadow   in  the  middle  of  a 
partial  lunar  eclipfe,  fo  many  digits  and  minutes 
of  the  moon  are  faid  to  be  eclipfed.     In  a  total 
cclipfeof  the  moon  without  continuance,  the  moon 
is  e<;lipfed  12  digits:  in  a  total  eclipfe  with  con- 
tinuance, (he  is  eclipfed  more  than  12;  thus,  if  her 
-whole  dilk  is  immerfed  fo  deep  within  the  fliadow, 
that  if  her  diameter  contained  15  fuch  parts  as  now 
it  contains  12  of,  the  whole  15  would  be  eclipfed, 
the  moon  is  then  eclipfed   15  digits.     Sometimes 
the  apparent  diameter  of  the  moon  is  obfervcd 
near  the  time  of  the  eclipfe,  and  the  grcatncfs  of 
the  eclipfe  expreffed  in  minutes  of  degrees  and  fe- 
conds. 

The  motion  of  the  moon  in  her  orbit  being 
Cadwardf  the  beginning  of  a  lunar  eclipfe  is  when 
the  eaftern  limb  or  edge  of  the  moon's  difk  touches 
the  wcftrrn  limb  of  the  fliadow:  the  end  of  a  lu- 
nar eclipfe  when  the  weftern  limb  of  the  moon's 
dilk  leaves  the  eaftern  limb  of  the  fliadow :  in  a 
total  eclipfe,  the  time  the  whole  dilk  is  in  the 
fhadow  is  called  the  ftay,  or  timj:  of  total  im- 
mcrfion. 

The  beginning  or  end  of  a  lunar  eclipfe,  be- 
ing inftantaneous,  fervc:;  todifcovcr  the  longitude, 
but  not  accurately  wiihout  a  tcl:fcopc;  lor  by 
reafon  of  the  penumbra,  the  Icj^inning  a})pc*'.rs 
too  foon,  the  end  too  late  to  the  naked  eve,  and 
not  at  the  fame  time  to  all  eyes:  lor  this  rcalbn 
the  longitudes  of  places  and  the  [>hu:cs  ot  tl;e  moon 
determined  by  eclipfcs,  betore  the  invention  of 
tckfcopeSj  cannot  be  depcMucd  upon.     The  mo- 
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derns^  that  they  may  have  a  greater  ownber  ef 
opportunities  of  deteitAining  tne  io^g^tfrdt' ihMI 
the  bcffinhings  $md  endingfofeclij^  WjtbU  a)^ 
fordj  do  it  by  obferving  the'^iiontamooi'of  j^ 
irioft  remarkable  fpots  of  'the  mbott'  into' itt 
Ihadow^  or  by  their  emei^ging  out<ifit>*     >     ['  \ 

The  qiumtiiy  if  a  luifof  ellip/e  depcnds,^^ 
upon  the  laneneis  of  the'ciltrle '  of  the  earth's 
ihadowj  whofe  diameter  may  be  different:  %dlj^ 
upon  the  apparent  diameter  of  the  rnoon^  whiA 
may  be  different :  3i/;r»  c^fieris  paribus,  upon  ihe 
dilbanceof  the  moon  from  her  node^  at  the  mo- 
ment of  her  being  at  the  fuft,  *"'" 

9'be  duration  of  a  lunar  ectipk  depends  |MM^ 
upon  It's  quantity^  paray  ujxAi  the  'Tekicnj  « 
tne  moon*s  motion  crofs'the  lhado^»  whictf  itdii 
iame  as  her  motion  from  the  fun.    The  inifioi^ 
motion  froin  the  fun  is  fwifteft  when^'flievisli 
\itx  perigee^  and  the  duration  of  a  cetttral  ccnpK 
*will  then  be  (horteft^  though  the  mopn^s  diafiiim 
and  the  diameter  of  the  circle  of  the  earth's  Ihaddw 
be  then  greatelt;  becaufe  the  excefs  of  th6  moon^ 
ivay  through  the  fhadow^  is  more  than  compci&^ 
ted  b/  the  greater  velocity  of  the  moon's  mio* 
tion.     The   longed  duration  of  a  central    lunar 
eclipfe^  /•  e.  when  the  earth  is  in  aphelion^  and*th'e 
moon  in  apoget^  is  about  3  hoursj  57  mii^ute^  6 
feconds.     The  (horteft  duration  of  a  central  ltj[tia( 
^clipfcj  7,  e.  when  the  earth  is  in  perihelion^  and  the 
inoon  in  perigee,  is  3  hours^  37  minutes^  ?6  lecpndst 

Or    ECLIFSES    OF   THE  SuN, 

The  moon>  when  in  conjundlion,  if  near  om 
of  her  nodeS|  will  be  interppfed  between  us  aod 
the  fun,  and  will  confcquenfly  hide  the  fun,  o- 
p^rt  of  him,  from  us,  and  c^ft  a  Ihadow  upoF* 
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fcarth :  this  is  calkd  an  eclip/e  cf  the  Jun  $  it  maf 
wx,  cither  partial  or  total. 

1^    An  cclipfpofany  lucid  body,  is  a  deficiency 
B[diniinution   of  light,  which  would  otherwifc 
"^mc  from  it  to  our  eye,  and  i$  caufed  by  the  in- 
tcrpofition  of  feme  opake  body. 

The  eclipfes  of  the  fun  and  moon,  though 
fxprefled  by   the   fame  word,  are   in  nature  very 
"  Itrcnt;  the  fun^  in  reality^  hfes  nothing  of  ir$ 
^we  lujlre  in  the  great ejl  eclipfes^   but  is  all  thc^ 
lie  inceffantly  fending  forth    ftreams  of  light 
way   round   him,    as    copioufly   as   before* 
mt  of  thefe  ftrcams  are,  however,   intercepted 
their   way   towards   our   earth,  by   the  moon 
coming  between  the  earth  and  the  fun;  and  the 
moon  having  no  light  of  her  own,  and  receiv* 
none  from  the  fun  on  that  half  of  the  globe 
fhich  is  towards  our  eye,  muft  appear  dark^   and 
kc  fo  much  of  the  fun's   difk  appear  fo,  as  if 
id  from  us  by  her  ihterpofition. 

What  is  called  an  eclipfe  of  the  fun,  is  there- 
fore, in  reality,  an  ecHpfe  oi  the  ^arih,  which  is 
leprived  of  the  fun's  light,  by  the  moon's  coming 
]    ween,  and  carting   a   fhadow   upon    it.     The 
brth  being  a  globe,  only  that  half  of  it  which  at 
,y  time  is  turned  towards  the  fun,  can  be  en- 
ightened  by  him  at  that  time;  it  is  upon  fomc 
of  this  enlightened   half  of  the  earth,  that 
e  moon's  ftiadow,  or  penumbra,  falls  in  a  folar 
!ipfe. 

The  fun  is  aUays  in  the  plane  of  the  ecliptic; 
bat  the  mi>on  being  inclined  to  this  plane,  and 
only  coinciding  with  it  at  the  nodes,  it  will  not 
cover  either  the  w  hole  or  a  part  of  the  fun ;  or  ia 
other  words,  the  fun  will  not  be  eclipfed,  unlef% 
%t  moon  at  that  time  is  In  or  near  one  of  her. 
podes. 

The  moon^  howcircr,  cannot  be  dircSIy  be- 

twccit 
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twcen  the  fun  and  us,  iinlcfs  they  arc  both  in  the 
fame  pan*  of  the  hca\en3;  that  is,  unlefs  ihcy  arc 
in  conjunction.  Therefore,  the  fun  can  never 
be  eclipfcd  but  ar  the  new  moon^  nor  even  then, 
unlefs  the  moon  at  tl\at  time  is  in  or  near  one  of 
her  nodes. 

The  moon  being  much  faialler  than  the  earth, 
and  having  a  conical  fliadow,  bccaufe  (he  is  Icfs 
than  the  fun,  can  only  cover  a  fmall  part  of  the 
earth  by  her  fliadow;  though,  as  we  have  obfervcd 
before,  the  whole  body  of  the  moon  may  be  in- 
volved in  that  of  the  earth.  Hence  an  eclipfc 
of  the  fun  is  vifiblc  but  to  a  few  inhabitants 
of  the  earth ;  whereas  an  eclipfe  of  the  rtoon 
may  be  feen  by  all  thofc  that  are  on  that  hemi- 
fpherc  which  is  turned  towards  it.  In  other  words, 
zs  the  moon  can  never  totally  eclipfe  the  earth, 
there  will  be  many  parts  of  the  globe  that  will 
fuffer  no  eclipfe,  though  the  fun  be  above  their 
horizon. 

An  cxiipfe  of  the  fun  always  begins  on  the 
veftcrn,  and  ends  on  the  eallcrn  fidc;  becaufc 
the  moon  moving  in  her  orbit  from  well  to  eaft, 
neccffarily  firft  arrives  at  and  touches  the  fun's 
weftern  limb,  and  goes  oH'at  the  ealkrn. 

It  i:?  not  necellary,  in  order  to  conrtitute  a 
crntrai  fclipfc  of  the  fun,  th^it  the  moon  ihould 
be  exactly  in  the  line  uf  iho  nodes,  ai  the  time  of 
it's  ccjn'juiivftion  ;  for  it  is  fuHicicn:  to  denominate 
an  ccliiirc  ol' the  Ain  ccUi\:ly  l\y^^  tl'.c  center  of 
the  moon  be  dirt\-tly  brrwcvH  ..ic  center  of  the 
fun,  and  the  eye  ot"  th^:  fpeclator;  lor  to  him,  the 
fun  is  th'.n  centrally  C'  li])[Vd.  Bi;t  as  the  Inadow 
of  the  moon  can  co\er  bin  a  fiv.all  jmrtion  of  the 
earth,  it  is  obvious  this  may  haj'jxn  when  the 
moon  is  not  in  one  of  her  nodes,  i  iiriher,  the 
fun   may   be   a  lipfcd  centrally,   totally,   partially, 

and  not  at  all,  at  the  fcinx'  tiuit'. 
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A  total  eclipfe  of  the  fun  is  a  very  curious 
rpc<5lacle:  Clavius  fays  that,  in  that  which  he  ob- 
Icrved  in  Portugal,  in  1650,  the  obfcurity  was 
greater,  or  more  fcnfible  than  that  of  the  night: 
the  largcft  ftars  made  their  appearance  for  about 
SI  minute  or  two,  and  the  birds  were  fo  terrified, 
Ithat  they  fell  to  the  ground. 

Thus  in  fig.  3,  pi.  lo,  let  A  B  C  be  the  fun, 
M  N  the  moon,  h  1  g  part  of  the  cone  of  the 
moon's  fhadowj.  f  d  the  penumbra  of  the  moon: 
from  this  figure  it  is  eafy  to  perceive, 

!•  That  thofc  parts  of  the  earth  that  are  with- 
in the  circle  reprefentcd  by  g  h,  arc  covered  by 
the  fhadow  of  the  moon,  fo  that  no  rays  can  come 
from  any  part  of  the  fun  into  that  circle,  on  ac- 
count of  the  intcrpofition  of  the  moon. 

2^  In  thofe  parts  of  the  earth  where  the 
penumbra  falls,  only  part  of  the  fun  is  vifible; 
thus  between  d  and  g,  the  parts  of  the  fun  near 
C  cannot  be  fech,  the  rays  coming  from  thence 
towards  d  or  g,  being  intercepted  by  the  moon: 
whereas  at  the  fame  time,  the  parts  between  f  and 
h  are  illuminated  by  rays  coming  from  C,  but  arc 
deprived  by  the  moon  of  fuch  as  come  from  A. 

3.  The  nearer  any  part  of  the  earth,  within  the 
penumbra,  is  to  the  lliadow  of  the  moon,  as  in 
places  near  g,  1,  or  h,  the  Icfs  is  the  portion  of  the 
fun  vifible  to  it's  inhabitants ;  the  nearer  it  is  to 
the  outfide  ol  the  penumbra,  as  towards  d,  e,  or  f, 
the  greater  is  the  portion  focn. 

4.  Out  of  the  penumbra  the  entire  difk  is 
vifible. 

The  quant iiy  of  a  folar  eclipfe  in  general  is  ac- 
cording to  the  fize  of  the  moon's  fliade  projected 
upon  the  eaith;  this  fliade  is  largcll  when  the 
earth   is  in  apbclio)!,  the  moon  in  perigee. 

The  quantity  of  a  folar  eclipfe  to  thufe  within 
the  line  which  the  center  of  the  moon's  (hade  de- 

fcribcs 
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fcribes  upon  the  jearth^  dqxnds  upon  the  appzurncj 
diameten  of  the  fun  and  moon;  if  rhey  be  exaiiSIn 
equals  the  edipfe  w^I  be  barely  total ;  if  the  dU*" 
meter  of  the  moon  be  greater  than  the  ftin^  it  wit! 
be  more  than  total;  if  the  diameter  of  the  moon'i 
^ade  be  lefs  than  the  (un%  the  ectipfc  will  bean-* 
nular^  i.  e.  the  fun's  dilk  will  .not  be  enrircly  co^ 
vered,  but  there  will  be  a  rii^  of  his  light  vifible 
round  the  dilk  of  the  moon. 

Eclipfes  may  be  alfo  total  or  aiiriular^  m 
places  a  little  diftant  from  the  way  of  the  center  of 
thicihade^  btit  notcentx:^.  More  than  total  ecUp- 
les  {tppear  greateft  in  thofe  places  which  arc 
neareft  the  path  of  the  center  of  the  ftiadou-,  I^r- 
iial  ecliples  appear  greateft  |n  thofe  places  which 
ire  neareft  tne  way  of  the  moon's  fliadow  upon 
tharearth*  The  quantity  of  a  (bhr  cclipfe  in  an^ 
place  is  eftimated  by  the  number  of  digits  of  the 
fim*8  diameter  covered  by  the  difk  of  the  mooii^  ia 
the  middle  of  the  eclipfe:  in  an  ecHpfc  barcif 
totalj  the  fun  is  eclipfed  12  digits:  when  the  ] 
eclipfe  is  more  than  total,  he  is  eclipfed  fo  much 
more  than  1 2  digits,  as  thk  diftance  between  t|ic 
limbi  of  the  dilks  of  the  fun  and  moon  amounts  to 
in  thofe  poinu  where  thofe  limbs  are  neareft  to 
each  othci-, 

Vhejbape  of  the  moon's  (hadow  projeAed  upoq 
the  earth  in  the  middle  of  the  eclipfe^  depei)ds 
upon  the  moon's  diftance  from  her  node.    If  the 
fAoon  is  in  her  node,  the  centers  of  the  fun^  moon^ 
and  earth,  are  all  in  a  ftrait  line^  which  is  perpen« 
dicular  to  the  fpherical  furface  of  the  earth,  am) 
therefore  the  proje*.lion  of  the  moon's  (hadow  upon 
the  dilk  of  the  earth  will  be  a  circle.     When  the 
moon  has  latitude,  the  axis  of  her  fhadowy  coae    . 
makes  an  oblique  angle  to  the  fi>herical  furface  dLd 
the  earth,  and  thcrck)re  the  proje<ftion  of  the  tf^f 
^ow  ujpon  the  cs^rth's  diik  will  b^^ikfiUipfis^  ta^l 
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Tcentricity  will  be  greater,  the  greater  the  moon's 
fttVtude  is. 

The   latgcneji   of  the  moon^s  Jbade  projecled 
hipcm  the  earth,  depends  upon  the  following  cir- 
cumftances :  the  conical   fhadow  of  the  moon  is 
longer,  and  fimilar  fcdlons  at  equal  dittanccs  from 
the  moon  are  larger,  the  greater  the  moon's  dif- 
tance  is  from  the  fun.     Therefore  the  projcdtion 
of  the  moon's  lliadow  upon  the  earth  is  largefV^ 
^nhen  the  earth  is  in  aphelion^  and  the  moon  in  pe^ 
^■^^r  ;  Icaft,  when   the  earth  is  in  perihelion^  and 
PKe  moon  in  apogee^  at  the  fame  time*     In  a  folar 
eclipfe  that  is  central  and  barely  total,  the  vertex 
«>f  the  moon's  fhadow  docs  but  juft  reach  the  fur- 
face  of  the  earth  ;  in  an  annular  eclipfe,  the  coni- 
cal {hadow  of  the  moon  docs  not  reach  fo  far  at 
earth. 

The  way  of  the  moon*sjhadow  upon  the  earth 
is  generally  from  weft  to  eaft;  inclining  towards 
the  north  pole,  if  the  moon  is  near  her  afcending 
node;  towards  the  fourh  pole,  if  fhe  is  near  her 
dcfcending  node.     The  way  of  the  (hadow  upon 
the  earth  may  fometimcs,  but  rarely,  be  from  eaft 
tavreft^  and  the  fun  appear  to  be  eclipfed  firft  near 
"  eaftcrn  limb.     The  way  of  the  center  of  the 
[moon's  ftiadow  is   a  ftrait   line  only  when  it  de- 
rfcribcs  a  diameter  upon  the  earth's  difk ;  other- 
wife  it  is  an  elliptic  curve,  but  fo  near  a  ftrait  line 
Lthit  it  may  without  any  fenliblc  error  be  repre- 
[itcd  by  one. 

The  duration  of  folar  eclipfes  depends  on  the 
llowing  confidcrations.     If  the  moon  is  in  her 
[flodc,  the  center  of  her  fliadow  palTcs  over  the 
Her  of  the  earth's  enlightened  dilk,  and  defcribet 
liameter,  i-  e.  the  longcft  line  which  can   be 
taken  in  a  circle;  if  the  moon  has  latitude,  the  cen- 
ter of  her  ftiadow  defcribes  a  chord  in  the  circular 
liflc  of  the  earth,  i,  e.  a  line  lefs  than  a  diameter* 

The 


'a6     Lectures  on  Natueal  P^ito»PHr« 

The  whole  time  the  pemmlra  of  the  moon 
paflingover  the  diflc  of  the  earth,  is  called  the  lime 
of  the  general  eclipfe:  becaufe  all  that  time  the 
fun  appears  eclipfed  in  fbme  place  of  the  earth  or 
other.  The  beginning  of  the  general  cclipfe  is 
when  the  moon's  penumbra  enters  upon  the  difk  of 
the  earthy  the  did  when  the  finumhra  of  the  xmm 
leaves  the  earth's  difk.  The  duration  of  the  ge* 
neral  eclipfe  depends  upon  the  length  of  the  I  me 
delcribed  upon  the  earl  h^s  diflc  by  me  center  of  the 
ihadow^  the  velocity  of  the  moon's  motion  from 
tbefunj  and  the  largenefs  and.fliape  of  the  pro- 
jedion  of  the  (hadow  and  penumirm. 

The  beginning  of  a  folar  eclipfe  in  ^ny  place 
upon  the  earth  is  \i/htn  the  penumbra,  which  fur^ 
rounds  the  moon's' (hadow,  firft  touches  the  place;  \ 
the  end  of  the  eclipfe  is  when  the  penumbra  Icava 
the  place ;  the  duration  of  the  eclipfe  is  whilft  the 
penumbra  pafles  over  the  place.  In  any  place 
upon  the  earth  where  the  eclipfe  is  more  than 
total,  the  beginning  of  the  total  darknefs  is  whed 
the  fliadow  of  the  moon  firft  touches  the  place,  the 
end  when  it  leaves  it.  Eclipfes  more  than  total 
are  faid  to  be  total  with  (lay ;  the  time  of  ftaff 
viz.  of  total  darknefs,  in  any  place,  is  the  time  of 
the  ftiadow  palling  over  that  place. 

The  time  the  (hadow  is  pa(nng  over  any  place, 
(and  the  fame  is  true  of  the  penumbra^  which  is 
always  (imilar  to  the  (hadow,;  is  variable,  ift,  from 
the  velocity  of  the  moon's  motion  from  the  fun; 
2d,  from  the  length  of  the  (hadow  meafured  in  a 
line  pai;allel  to  the  way  of  the  (hadow,  and  drawn 
through  the  place ;  3d,  from  the  proximity  of  the 
place  to  the  center  of  the  earth's  di(k. 

The  circumference  of  the  moon's  orbit  is-  6p 
times  as  great  as  the  circumference  of  the  earthj 
and  therefore,  each  degree  of  the  moon's  orbit  r 
equal  to  60  degrees  of  a  great  circle  on  the  ead 
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rfacc.  And  as  oi>c  degree  of  fuch  a  circle  on 
c  cart-h  contains  6q  •}  Englifli  miles,  a  degree  of 
c  moon's  orbit  contains  4155  miles.  The  moon's 
otion  in  her  orbit,  conlidering  it  as  from  thefua 
>  the  fun  again,  (or  from  change  to  change)  is 
irough  all  the  360  degrees  thereof  in  29^  days  ; 
id  therefore  (he  moves  about  half  a  d^rcc,  or 
D77  miles  from  the  fun  in  one  hour:  and  with 
le  fame  velocity  her  fhadow  moves  over  the 
irth,  namely,  at  the  rate  of  34  f^  miles  in  a  mi- 
ure ;  which  is  more  than  four  times  as  fwift  as 
ic  motion  of  a  cannon-ball. 

The  moon  goes  round  the  earth,  not  in  a  cir- 
ular,  but  in  an  elliptical  orbit;  and  the  earth's 
enter  is  in  one  of  the  focufcs  of  that  orbit.  Hence 
he  moon's  diftance  from  the  earth  is  continuallf 
arying :  at  a  mean  rate  it  is  240,000  miles. 

When  the  moon  changethat  her  Icafl:  diftance 
rom  the  earth,  her  dark  fliadow  may  cover  a  fpot 
70  miles  broad  on  the  earth's  furfacc,  if  the  time 
le  about  noon ;  but  much  more  if  the  time  be  ia 
he  morning  or  evening  :  and^  to  all  who  arc  > 
/ithin  that  fpot,  the  fun  will  appear  to  be  totally 
Clipfcd,  but  to  no  place  without  it,  altho;.igh  he 
/ill  be  partially  cclipfcd  to  feveral  hundred  miles 
round.  But  as  the  moon's  motion  is  then  the 
wifteft  that  it  can  be,  the  dark  lliadow  will  be  car- 
icd  quite  over  that  fpot  in  live  minutes  at  moft, 
khough  the  diurnal  motion  of  the  earth  is  the 
imc  way  that  the  moon's  fliadow  goes.  And 
herefore,  the  longeft  duration  of  a  total  eclipfe  of 
he  fun  can  never  be  more  than  5  minutes,  even  if 
t  happen  at  noon.  In  the  morning  and  evening, 
he  earth's  motion  contiihLit.s  \cry  little  toward 
he  duration  of  a  fohv  cclipfc,  bccaufe  the  dark 
hadow  f'dlU  Co  o'oliq'jcly  on  ciic  Caith  ;  and  indeed, 
n  fuch  an  eclipfe,  the  J.ukncfs  will  be  over  in  lef^^ 
han  5  minutci,,  alchoj^^L  :iic  ilidduw   then  covers 

more 
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mate  tit  tfie  atnh*^  taihbt  tbiAl  Ita^  dv 

WhM  the  mboii  cftt^igeck  at  Ur  ihidui  A, 
tsnce  froiii  theeartH/tKcMhni  iiHti^iiktilL 
daw  dbtis  but  juft  itatb  tlie  dirdrt  'dUt  ^v 
traces  iriliere  it  goes  fucceffl^ely  o^,  ^  fim  4^ 
ie  tocallfcclipftd  only  folate  inftint^C^  4 

Wheit  the  mooii  changethit  hdr  JptiiAefl^  d2£. 
taiic6  from  the  eaitfa»  her  dafk  AaObW^^itelidk 
leach  theesmhfltdl:  and  therefore tfii^ ibii nrflol 
thoYi  totally  bid  from  ahy  part  of  the  talrtfi»  faW«0i> 
pears  lit^e  a  luminous  ring,  all  arouhd  t\A  ddikXsMJ 
of  the  rnoon^  to  each  jpiirt  of  the  earth  tMtt  ^ 
ptfmi  of  her  (hadow  is  fucceflivety  diitded  #U(fc 
ihef  i^pldi]^  benreen  the  earth  and  Hit  txau 

Tpus  it  is  ph{n»  that  the  funr  tta  never life 
celipfi^  but  at  the  time  of  tkvf  moon«  m^ttt 
ittoonbut  when  flie  is  full. 

Ot  TKg  Limits  of  Solar  Ain>  Lukar  Edlipni. 

The  earth  goes  round  the  fun  every  year  in^aiH 
orbit  called /ifr^  ecliptic;  and  therefore  the  fun,  ak 
fecn  from  the  earthy  appears  to  go  round  the  edip^ 
tic  once  a  year. 

If  the  moon^s  orbit  lay  quite  even  with  thC 
ecliptic,  (or,  as  it  is  commonly  expreffed,'  in  thi 
plane  of  the  ecliptic)  the  fun  would  be  eclipfed  at 
the  time  of  every  new  moon,  becaufe  the  mo6il 
uoUld  then  be  diredly  between  the  earth  and  thi 
fun :  and  the  moon  would  be  oclipfed  at  every  tim^ 
Ihe  wa«  full,  becaufe  the  earth  would  then  be  di- 
rcftly  between  her  and  the  fun. 

But  one  half  of  the  moon's  orbit  lies  onth^ 
ctorth  fide  of  the  plane  of  the  ecliptic,   and  d^ 
other  half  on  the  fouth  fide  of  it.     Therefore  "  * 
t^oon's  orbit  intcrfects  the  plane  o£the  ecliptic;j 
ly  in  /wa  oppofitc  points,      '  -  calli 
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nodes.     The  angle  which  the  moon's  orbi^ 

,es  with  the  plane  of  the  ecliptic  is  5  degrccsi 

minutes ;  fo  that,   when  the   moon   is  in  the 

htnoil  point  of  her  orbit,   (he  is  5  degrees*  18 

utes  north  of  the  ecliptic  ;  and  as  far  fouth  of  it 

n   (lie  h  in  the  fouthmoft  point  of  her  orhic. 

ce  it  is  plain,  that  the  moon  can  never  be  in  the 

ptic  but  when  ilu*  is  in  one  or  other  of  her  nodes^ 

When  the  mtjon  is  any  more  than   1  8  degrees 

cither  of  her  nodes  at  the  time  of  her  change, 

does  not  pals  between  the  fun  and  any  part  of 

earth  ;  but  goes  either  above  or  below  the  fun, 

ording  as  Ihe   is  then  north  or   fourh  of  the 

iptfc ;  and    therefore  ihe  cannot  then  hide  an/ 

of  the  fun   from  any  part  of  the  earth.     But 

n  ihe  changeth  within    18  degrees  of  cither 

ic,   ihe  will   hide   the  whole  or  part  of  the  fun 

rom  fome  part  01    the  earth.     And  if  fhe  be  in 

cither  of  her  nodes  at  the  time  of  change,  the  fun 

will  be  centrally  eclipfed  to  that  point  of  the  earth's 

furface   which  is   then    in  a    ftrait  line    between 

the  lun*s  center  and  the  carth*s.  At  all  other  places 

uhich    the  center  of  the    moon's    fhisdow    goes 

■Her,  the  fun  will  likewife  be  centrally  eclipfed, 

^V     When  the  moon  is  ajiy  more  than  12  degrees 

r  from  cither  of  her  nodes  at   the   time  of  full,  flic 

palTeth  clear  of  the  earth's  ihadow  ;  and  therefore 

^^c  cannot  be  eclipfed  at  that  thne.     But  when  ihe 

Hb^jthtn  12  degrees  of  either  node  at  the  time  of 

flR"  being  full,   ihe  is  eclipfed.     And  when  llic  is 

^11  in  either  of  her  nodes,    ihe  goes  through  the 

idle  of  the  earth's  {liadow,  and  is  totally'eclipfed 

h  the  longcit  continuance,  w  hich  may  be  abova 

r  and  an  hal  i\ 


Of  the  Period  of  Eclipses. 


The  ecliptic  U divided  into  twelve  equal  parts, 
fci.  IV.  Iv  called 
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called  ^^»j.,  and  each  fign  into  30  equal  paits^cal* 
led  degrees.    If  the  moon's  nodes  had  no  m($}M 
through  the  figns  of  the  ecliptic^  there  would  bt 
Juft  half  a  year  between  the  times  of  the  fiin's  ooii- 
jun(5lions  with  the  nodes;  and  then»  ia. whatever 
figns  the  lun  and  moon  were  eclipfed  in  any  givca 
year,  they  would  be  eclipfed  every  year  after.    Birt 
the  eclipfes  fall  fo  much  fooner  every  fucceeding 
year  than  they  did  on  the  year  before,  as  to  prove  | 
that  the  nodes  move  backward,  or  contrary  to  the 
motion  of  the  moon,  19!  degrees  every  year,  from 
the  confequent:  toward  the  antecedent  figns.    And 
therefore,  they  go  backward  through  alt  the  figm 
and  degrees  of  the  ecliptic  in  18  years  and  235 
days. 

If  in  that  time  there  were  any  exadl  number 
of  courfes  of  the  moon  from  chaise  to  change, 
without  any  fradlion,  there  would  be  an  exact  pe- 
riod or  reftitution  of  eclipfes  in  the  fame  time. 
But  during  this  revolution  of  the  nodes>  there  arc 
230  courfes  of  the  moon,  and  a  quarter  of  a  courfe 
more:  fo  that  there  can  be  no  cxa(9:  period  of 
eclipfes  in  tiny  complete  revolution  of  the  nodes. 

But  in  1 8  years,  11  days,  7  hours,  and  43A 
minutes,  in  which  time  there  are  juft  223  courfes 
of  the  moon  from  change  to  change,  there  is  a 
conjundlion  of  the  fun  and  moon  with  the  fiime 
node  as  before;  and  confequently,  a  j>eriod  or 
reftitution  of  all  the  eclipfes  of  the  fun  and  moon. 
And  therefore,  if  to  the  mean  time  of  any  eclipfcj 
cither  of  the  fun  or  moon,  you  add  i  S  Vears,  1 1 
days,  7  hours,  43^  minutes,  you  will  have  the 
mean  time  of  the  return  of  that  eclipfe.  Onl) 
note,  that  when  the  laft  day  of  February,  in  leap- 
years,  comes  but  four  times  into  this  period,  yoi 
are  to  add  the  above  number  of  days,  hours,  anc 
minutes:  but  when  it  comes  five  times  in,  as  ii 
will  fometimes  do,  you  mufi:  add  one  whole  day  lefs 
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thus,  any  oTic,  who  has  a  fet  of  almanacks  for 
years,  in  which  all  the  cclipfcs  are  noted  for 
It  iinnc,  may  very  cafily  calculate  the  time  of 
ly  future  eclipft.     This  is  called  the  Chaldean 
ftoi^  or  period  of  eclipfes. 

As  the  nodes  go  backwards  at  the  rate  of  i^\ 
rees  every  year,  which,  for  the  fake  of  roun^ 
jinbers,  we  may  call  19  degrees?  thefe  19  degrees 
nearly  equal  to  19  days  of  the  fun's  motion. 
Eld  the  half  of  19  is  9^ ;  fubtrad:  9^  days  from 
J2|  days,  which  make  half  a  year,  and  there  w  ill 
nain  173'Jays  for  the  time  between  the  fun's 
eing  in  conjundion  with  cither  of  the  nodes  till 
be  time  of  his  being  fo  with  the  other* 

Now,  as  the  fun  can  never  be  eclipfed  when 

is  more  than  \  8  degrees  from  either  node,  nor 

moon  when  fhe  is  more  than  13,   (as  already 

entioned,)  it  is  plain  there  muft  be  an  eclipfe  of 

he  fun  at  the  time  of  every  nty^  moon  that  falls 

irithin  18  days  before  or  after  the  time  of  his  be- 

lag  in  conjun^llion  with  cither  of  the  nodes;  and 

that  the  moon  muft  be   eclipfed  at  evciy  time  of 

her  being  full   within  12  days  before  or  after  the 

lime  of  the  fun's  being  in  conjun<5tion  with  either 

of  the  nodes.     And  confcquently,  if  we  can  tell  on 

what  days  of  the  year  thefe  con  jund:ions  fall,  w^e 

~  aci  eafily  rell  at  what   new  and  full  moons  there 

nuft  be  eclipfes;  feeing  the  days  of  new  and  full 

tnoons  arc  jb  generally  known. 

In  fome  years  there  are  fix  eclipfes,  four  of 
bhich  are  of  the  fun,  and  two  of  the  moon:  iit 
other  years  there  arc  only  two,  and  when  that  hap- 
cns,  they  are  both  of  the  fun  :  but  the  niort  com- 
mn  number  is  four;  namely,  two  of  the  fun,  and 
*o  of  the  HKJon. 
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The  Darkness  at  our  Saviour's  CRUcrrixiasr 
Supernatural. 

From  the  account  I  have  given  you  of  eclipfeii 
it  plainly  appears,  that  the  fun  can  never  be  ecHji^j 
fed,  in  a  natural  way,  but  at  the  time  of  new  mooiitj 
nor  the  moon  but  when  fhe  is  full;  and  that/nrhdl 
the  fun  is  totally  cclipfed,  the  darknefs  can  ncviSr 
continue  above  five  minutes  at  any  place  of  thtj 
earth. 

But  the  three  evangel ifts, St.  Maitbew^St.  Mark^ 
and  Si.Luke,mcni\on  a  darknefs  that  continued  threfc'; 
hours,  at  the  time  of  our  Saviour's' crucifixion.. 
If  their  account  of  that  darknefs  had  been  falfc,  it' 
"would  have  been  contradicted  by  many  who  were 
then  prefcnt;  efpecially  as  they  were  great  cne- 
mies  both  to  Chrift  and  his  few  "difciples,  u 
\vell  as  to  the  dodlrine  he  taught.  But  as  none 
of  the  Jews  have  contradicted  the  evangelifts*  ac- 
count of  this  moft  extraordinary  i>henomenoDt 
it  is  plain  that  their  account  of  it  is  true.  Befides, 
the  cvangclifls  muft  have  known  full  well,  that 
it  could  not  be  their  intereft  to  palm  fuch  a  lie 
upon  mankind ;  which,  when  detected,  muft  have 
gone  a  great  way  toward  deftroying  the  credi- 
bility ot  all  the  reft  of  the  account  they  gave 
of  the  life,  iK'tions,  and  dodrine  of  their  maftcn 
and  inftead  of  forwarding  the  belief  of  chriftianity, 
it  would  have  been  a  blow  at  the  very  root  thereof. 
We  do  not  find  that  they  have  beftowed  any  pane- 
gyric on  the  life  and  aciions  of  Christ,  or  throw!" 
out  an  invective  againft  his  cruel  perfccutors;  bufj 
in  the  moft  plain,  limple,  and  artlcfs  manner,  hav^ 
told  us  what  their  fenfes  convinced  them  wen 
matters  of  fad:  fo  that  we  have  as  good  reafon  0 
believe  that  there  was  fuch  darknefs,  as  we  hav< 
to  believe  that  Chrift   was  then  upon  earth:  aro 

tha 
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he  was,  has  never  been  contradiifled,  even  by 
Jews  themfelves. 

But  there  are  other  accounts  of  Chrift,  befidcs 
e  which  the  evangelifts  have  left  us.  It  is  ex- 
sly  affirmed,  by  the  two  Roman  hiftorians.  Tact- 
and  Suetonius,  that  there  was  a  general  ex- 
-ation  fpread  all  over  the  eaftern  nations,  that 
of  Judea  ftiould  arife  a  pcrfon  who  (hould  be 
xrnor  of  the  world.  That  ^here  lived  in  Judea, 
le  time  which  thegofpcl  relates,  fuch  a  perfon 
^efus  of  Nazareth,  is  acknowledged  by  all  au- 
•s,  both  Jewifh  and  Pagan,  who  have  written 
c  that  time.  The  ftar  that  appeared  at 
birth,  and  the  journey  of  the  Chaldean  wife 
I,  is  mentioned  by  Cbalcidius  the  Platonilh 
od'&  caufing  the  children  in  Bethlehem  to  be 
1,  and  a  reflecStion  upon  him  on  that  occafion 
:ne  emperor  Augujlus,  is  related  by  Macrobius^ 
ny  of  the  miracles  that  Jefus  v/rought,  particu- 
i  his  healing  the  lame,  and  curing  the  blind, 

carting  out  devils,  are  owned  by  thcfc  inve- 
te  and  implacable  enemies  of  chriftianity, 
%s  ^nd  Julian,  and  the  authors  of  the  Jcwiih 
mud.  That  the  power  of  the  heathen  gods 
fed,  after  the  coming  of  Chrift,  is  acknowledged 
^orphyry,  who  attributed  it  to  their  being  angry 
he  fctting  up  of  the  chriftian  religion,  which 
rails  impious  and  profane.  The  crucifixion  of 
ift  under  Pontius  Pilate  is   related  by  Tacitus, 

the  earthquake  and  miraculous  darknefs  at- 
iing  it  were  recorded  in  the  public  Roman 
liters,  comntonly  appealed  to  by  the  lirft  chrif- 
i  writers,  as  what  could  nor  be  denied  bv  the 
erfaries  themfelves;  and  arc  in  a  p:irticuhir 
iner  atteftcd  by  Phi  ego  n,  the  Irccd  itkui  of 
uan. 

^  »me  people  have  faid,    that  the  above-  mi-n- 

^irknefs  might  have  been  occalioncd  by  a 

K  3  natural 
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nttural  eclipfeofthefiin;  and  confequentlvp  chat 
there  was  nothing  miraculous  in  it.  If  this  had 
been  the  cafe^  it  is  plaiothat  our  Saviour  tnuft  have 
been  crucified  at  the  time  of  new  moon.  But  then,  in 
a  natural  way^  the  darknefs  could  not  poHibly  hav^ 
continued  for  more  than  five  minutes:  whereas, 
to  have  made  it  continue  for  three  hours^  iht  moon'i 
niotion  in  her  orbit  muft  have  been  ft  opt  for  three 
hours,  and  the  earth's  motion  on  it*s  axis  mail 
have  been  flopt  as  long  too.  And  then,  if  the 
power  of  gravitation  had  not  been  fufpended  du* 
ring  all  that  time,  the  dkmmi  would  have  fallen  a 
great  way  toward  the  earth.  So  that  nothmg  lefi 
than  a  triple  miracle  muft  have  been  wrought  to 
havecaufed  fuch  a  long  continued  darknefs  by  the 
interpofition  of  the  moon  betweeti  the  fun  and  any 
part  of  the  earth :  which  Ihews^  that  they  who  rmkt 
fuch  a  fupppfition  are  entirely  ignorant  of  the  m^ 
ture  of  eclipfes.  But  there  could  be  no  natural  or 
regular  ecUpfe  of  the  fun  on  the  day  of  Chrift'i 
crucifixion;  as  the  moon  was  full  on  that  day,  and  ' 
confequeptly  in  the  ^dc  of  the  heavens  oppofite  to 
the  fun.  An(l  therefore  thfr  darknefs  at  the  tixs^  J 
pf  h^  crucifixion  was  c^xttjupernatural. 

The  Ifraelites  reclconed  their  months  \f^  thy 
courfc  of  the  moon^  and  their  years  (after  thcf 
left  Egypt)  |by  the  revolution  of  the  fun,  compute^ 
from  the  equal  day  and  night  in  fpring  to  the  Yi}ft 
time  again.  For  we  find,  they  were  told  by  the 
Almighty  (Exod.  xii.  2.)  that  the  monfh  Abib  (of 
Ni/an)  ilioiild  be  to  them  the  firft  month  of  the  year. 
Thi?  was  the  month  in  which  they  were  delivcre4 
from  their  Egyptian  bondage,  and  includes  par^ 
of  March  and  pfirt  of  April,  in  our  way  of  rtekt 
piling. 

In   feveral  places  of    the  Old  Tefhimi 
we   find    that  the  Ifraelites   were  ftridly 
pianded  to  kill  the  pafchal  la^b  on  thp  -' 
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(t>r,  as  it  is  in  the  Hebrew,  between  the  rveninp) 
of  the  fourteenth  day  of  the  firft  month ;  and  Jo^ 
fepbus  exprefsly  fays,  *'  The  paflbvcr  was  kept  on 
the  fourteenth  day  of  the  month  Nifan^  according 
to  the  nux)n,  when  the  fun  was  in  Aries/*  And 
the  fun  always  enters  the  fign  Aries^  when  the  day 
and  night  are  equal  in  the  fpring  feafon. 

They  began  each  month  on  the  firft  day  of 
the  moon's  being  viiible^  which  could  not  be  in 
Icfs  than  24  hours  after  the  time  of  her  cbar.ge ; 
and  the  moon  is  full  on  the  15th  day  reckoned 
from  the  time  of  change.  Hence,  the  1 4th  day  of 
the  month,  according  to  the  Ifraelites'  way  of  rec« 
koning,  was  the  day  of  full  moon :  which  makes  it 
plain,  that  the  paiTover  was  always  kept  on  a  full 
moon  day ;  and  at  the  time  of  the  full  moon  next 
after  the  equal  day  and  night  in  the  fpring;  or, 
when  the  fun  was  in  Aries. 

All  the  four  evangelids  alTure  us,  that  our 
Saviour  was  crucified  at  the  time  of  the  paflbver : 
jind  hence  it  is  plain,  that  the  crucifixion  was 
at  the  time  oi  full  moon,  when  it  is  impoflible 
that  the  moon  could  hide  the  fun  from  any  part  of 
the  earth.  St.  John  tells  us,  that  Chrift  was  cru- 
cified on  the  day  that  the  palTover  was  to  be  eaten; 
and  we  likewife  find,  that  fome  remonftrated  againfl: 
his  being  crucified  ''on  i\\t  feaft  day,  left  it  Ihoald 
ipaufe  an  uproar  among  the  people."* 

^  Fcrgufon's  Aftrpnomical  Le£lure  on  Eclipfcs. 
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Pf  Parallax  and  Rbfractiov^  and  rnt  Abu* 

RATION  OP   LlGHT|   &C1 


ASTRONOMY  is  fubjcd  to^many  difficultki, 
bcHdes  thofc  which  arc  obvious  to  every  eye. 
When  we  iodk  at  any  ftar  in  the  heavens^  we  do  not 
fecit  in  it's  rca! place;  the  rays  corning  from  it,  when 
They  pafs  out  of  the  purer  etherial  medium,  into 
pur  coarfcr  and  more  dei^fe  atpfidfpherc^  are  rtfrjc- 
ted,  or  bent  in  fuch  a  manner^^  as  to  fliew  the  ftar 
higher  phan  it  really  is.  Hence  we  fee  all  the  ftars 
before  they  rife,  and  after  they  fct;  and  never,  per- 
haps, fee  any  one  in  it's  true  place  in  the  heavens. 
There  is  another  difference  in  the  apparent  fuua- 
tion  of  the  heavenly  bodies,  which  anfes  from  the 
ftations  in  which  an  obfervcr  views  them.  Thii 
difference  in  fituation  is  called  the  parallax  of  an 
pbjcd* 

Of  Refraction, 

As  one  qf  the  princip^  objeds  of  allroifoiny 
is  to  fix  the  fituation  of  the  feveral  heavenly  bo* 
flies,  it  is  neceflary,  as  a  firft  ftep,  to  underftan4 
fhe  caufes  ^yhich  occafion  a  talfe  appearance 
of  the  place  of  thofe  objeds,  and  make  us  fup- 
pofe  them  in  a  different  fituation  from  thaf 
which  they  really  have.  Among  thefe  caufes, 
refrailion  is  to  be  reckoned.  By  this  term  \% 
meant,  the  bending  of  the  rays  of  light  a$  they 
pafs  out  of  one  medium  into  another. 

The  earth  \%  every  where  furrcHnded  by  •" ' 

hci 
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llrtcrogencous  fluid,  a  mixture  of  air,  vapour,  and 
Icrrcftrial  exhalations,  that  extend  to  the  regions 
of  the  Iky,  The  rays  of  light  from  the  fun,  rnoon, 
and  ftarSp  in  palTing  to  a  fpcdlator  upon  the  earth, 
come  through  this  medium,  and  are  fo  refradlcd 
in  ihcir  paflage  through  it,  that  their  apparent 
altitude  is  greater  than  their  true  altitude. 

Let  A  C,  jig.  3,  pL  7,   reprefent  the  furfacc 

of  the  earth,  Tifs  center,    B  Pa  part  of  the  at- 

mofphercp    H  E  K  the  fphere  of  the  fixed    ftars, 

A  F  the  fenfible  hori^zon,  G  a  planet,  G  D  a  ray 

of  light   pnKceding  from  the  planet  to  D,  where 

,  it  enters  our  atmofphere,  and  is  refraQed  tow  ards 

^ftc  line  1)  T,  which  is  perpendicular  to  the  fur- 

^Ke  of  the  armofphere;  and  as  the  upper  air  is 

^prcr  than  that  near  the  earth,  the  ray   is  continu- 

Bflly  entering  a   dcnfcr  nadium,  and  is  every  mo- 

Kicnt  bene  towards  T,    which  caufes  it  to  defcribe 

^B  curve  as  D  A,  and  to  enter  a  fpcdator's  eye  at 

^K||S  if  it  came  from  £,    a  point  above  G*     And 

^^^  object  always  appears  in  that  line  in  vvhich 

Bt  enters  the   eye,  the  planet   will   appear  at    E, 

^pighcr  than  it's   true  p!:icc,  and    frequently  above 

Bhc  horizon  A  F,  when  it*s  true  place  is   below  it 

H  This  refradion  is  grcateft  at  the  horizon,  and 
Bdccreafcs  very  fait  as  the  altitude  increafes,  info- 
^pnueh  that  the  refraetion  at  the  horizon  differs 
■from  the  rtfraclion  at  a  very  few  degrees  above 
Hlhc  horizon,  by  about  one-third  part  of  the 
■'l^holc  quantity.     At  the  horizon,  in  this  climate^ 

■  ijis  found  to  be  about  jj  minutes.  In  climatei 
K nearer  to  the  equator,  where   the  air  is  purer,   the 

■  refraction  is  Icfs  ;  and  in't^ie  colder  cbmares,  nearer 
H  to  the  pole,  it  inrreafcs  exceedingly,  and  is  a  hap- 

■  pyprovilion  for  lengthening  the  appearance  of 
H  Ihc  light  at  ihofc  regions  fo  remote  trom  the  fun. 
H  C^fTcndus  relates,  chat  feme  Hollanders  who  w  m-* 
I  tcred 


i3« 

Uttd  in  Nevs  Ztrnhki,  in  htinide  75  degrees^  were 
Jgrceabfy  furpriKd  witti  *  fight  of  the  fun  17  dm 
Mfoft  they  cxpeded  hidi  in  the  horizon.  This 
^LtiTercncq  was  owiag  to  the  if iracltoa  of  rhe  mu 
mofphtfe/m  that  latitude.  To  the  fame  caufe, 
together  with  the  pectil)^  obliquity  of  che  moori'i 
erbitto  the  ecliptic^  fbmeof  thcfe  rcry  norchcim 
regions  are  indebted  for  an  unintcrrupicd  Itglit 
from  the  moon  mnch  more  than  half  the  mofitb. 
and  fomecimes  almoft  as  long  as  it  is  capabje<9f 
afibfding  any  light  to  dtber  parts  of  the  earth. 

T^stmgh  this  refradiion  we  are  favoured  with 
tbr  fight  of  the  fiiilj  about  3  minutes  and  i  bcfofc 
jt  riles  above  the  horizon ;  afKialfaa.^  miKhevrry 
eire»ing after  it  fett  below  it,  which  m  umycm 
amounts  to  inore  tliafi  40  hours. 

.  It  is  to  this  property  of  rcfraflion  that  wc  are 
aKb  indebted  for  that  ^oymcnt  of  light  from 
the  fun  when  he  is  below  the  honxon^  which  pro^ 
duces  the  morning  and  evening  twilight.  The  _ 
fun^s  raysj,  ift  falling  upon  the  higher  part  of  the  ~ 
atmofphere»  are  relieved  back  to  oar  eyes^  and 
form  a  faint  light,  which  gradually  augments  till 
it  becomes  day.  It  is  owing  to  this,  that  the  fun 
illuminates  the  whole  hcmifphere  at  once  ;  de- 
prived-of  the  atmdfpherej  he  would  have  yielded 
no  Ught^  but  when  our  eyes  were  dircifled  towards 
him  ;  and  even  when  he  was  in  meridian  fplendor^ 
the  heavens  would-  have  appeared  darkj  and  as  full 
offtars^  on  a  fine  winter's  night.  The  rays  of 
light  would  have  come  to  us  in  Arait  lines,  and 
the  appearance  and  di&ppearance  of  the  fun  would 
have  been  inffantaneous  ;  we  Ihould  have  had  a 
fudden  tranfition  from  |he  brightcft  fun-£hine  to 
the  moft  profound  darknefs^  and  from  thick  dark- 
"fkcts  to  a  bla2e  of  light.  Thus  by  refradion  we 
fNTc'iM-eparcd  gradually  for  the  light  of  rhe  fu 
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^fc  duration   of  It's  light  is  prolonged^  and  th^ 

^kides  of  darknefs  foftencd. 

^^  To  it  we  nnuft  alfo  attribute  another  curious 
phenomenon^  mentioned  by  Pliny  ;  for  he  relates, 
that  the  moon  had  been  cclipfcd  once  in  the  wefl:, 
at  the  fame  time   that  the  fun  appeared  above  the 

^lorizon  in  the  eaft.     Ma^fllinus,  in  Kepler,  fpeaks 

fc^  another  in ftance  of  the  fame  kind,  which  fell 

^%nder  hu  owoobfervation. 


Of  Parallax. 


The  parallax  of  a  celeftia!  objeft  is  the 
difference  between  the  places  that  the  objccft  is  re* 
fcrrcd  to  in  the  cciedial  fphere,  when  fecn  at  the 
fame  time  from  two  different  places  within  that 
fphere.  Or  it  may  be  conlidercd  as  the  angle  un* 
dcr  which  any  two  places  in  the  inferior  orbits 
vc  fccn^  from  a  fupcrior  planet,  or  from  a  fixed 
ftar. 

The  parallaxes  principally  ufcd  by  aftronotny^ 
arc  ihofe  which  arife  from  confidering  the  objeA 
as  viewed  either  from  the  center  of  the  earth  and 
the  fiin,  or  from  the  furfacc  and  centtr  of  the 
Wth,  or  from  all  three  compoiinded. 

The  difference  between  the  place  of  any  pla, 
:asfeen  from  the  fun,   and  the  fame  planet  as 
fcen  from   the  earth,   is  called  the  pitraVux  of  the 
^^nual  crint  /  in  orher  words,  it  is  the  angle  at  any 
anct  fubtended  between  the  fun  and  the  earth. 

The  diurnal  parallax    is    the    change   of  % 
cleftial  body's  apparent  place,  arifmg    from  iffr 
"ting   viewed    from   two  different   ftations,    one 
I  the  fur/ait,  and  the  other  at    the  ^^«/fr  of  the 
Tth. 

The  neceffity  of  this  diftindion  is  obvious^ 
Pryou  know  that  an  object  will  change  it's  ap- 
ircnt  Situation  with  rcfpcdt  to  another,  according 

to 
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W  the  ftaticm  frdm  whicf^  it  jl  ▼lewed;  hcmfc 
ccleftial  objecfb  viewed  from  different  pares  of  line, 
earth's  furface^  will  af^i^ear  in  difiercnt  fi(iia(ioBi. 
To  facilitate  and  ^ive  ccruinty  to  ^riiJciibOMt 
aftronomera  refer  all  celefiial  apppanRCCa  «f|  tli|^ 
center  of  the  earth ;  of  courfe  they  are  Bhlifffsd€0a^ 
timially  to  calculate  parallaxes,  in  ord^r  itp  jccdoqr. 
tbc.obfcrved  places  of  the  objcds-tp»:ci«(  wheie 
they  would  be  fituated  if  fcen  froiRAttHiCfflrft  gf 
die  earth.  ^ 

Let  a  line,  A  B,fg.  4,  fL  7,  be  drawn  per- 
pendicular to  the  diftance  B  C,  between  an  adja- 
cent objed  C»  and  any  given  ftacion  B  v  the  ap«. 
parent  places  of  the  obje<^»  when  Yiewcd  fipom  tne 
extrdHuties  of  the  line  A  B^  will  be  diflbroK. 

I.  The  perpendicular  line  A  B  ia  .ealini 
diebafe.  z.  Ttie  extremities -A  Bof  the  bafeare 
called  ftattons.  3.  The  angle  A  C  B»  fofatcnded 
bjr  the  extremities  of  the  bafe  at  the  objed»  is 
called  the  angle  of  the  parallax.  4.  The  bafe  is 
to  the  leffer  of  the  two  diftances  of  the  objeA 
from  ihe  extremities  of  the  baf;:»  as  the  tangent 
of  the  angle  of  parallax  to  radius;  and  to  the 
greater,  as  the  fine  of  the  fame  angle  to  radius. 

Sappofe  lines  to  be  drawn  from  the  two  fta- 
tioi^  to  anobjed  :  one  of  the  angles  contained  by 
thefe  lines  (as  in  the  figure)  being  a  right  angle, 
the  other  will  be  the  complement  of  the  parallax 
to  90  degrees. 

If  the  angles  at  the  ftations  terminating  a 
given  bafe  be  known>  it  is  eafy,  by  trigonometry, 
to  determine  the  diftance  of  the  objcd.  N.  B.  We 
here  fuppofe  one  of  the  angles  at  the  bafe  to  be 
90  degrees. 

When  the  difiance  of  an  objccl  is  greater 
than  100,000  times  the  bafe,  the  angles  at  the  twp^ 
itations  will  not   fenfibly  diflxT  from   two 
ones;  and  confecjuenfly  the  lines  drawn  froj 
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cA  to  the    Rations,   are,  phyfically  Ipeaking^ 
iratfrf. 

Now  the  angle,  whofe  tangent  is  to  radius,  asi 

100,000,  IS  2006,  or  very  little  more  than  a  fe- 

i    and   the  mod  accurate    inlVrumcnts  con- 

fd  for  the  menfurarion    of  angles  cannot  be 

!pcndn1  upon  to  2  feronds. 

There  tore  the  parallax  of  an  object,  whole 
iliftanre  is  above  100,000  times  greater  than  that 
between  the  two  ftations  of  obfcrvation,  is  ia-' 
fcnfible, 

Wc  may  therefore  conclude,   that   if  the  pa- 
^  ralhx  of  an   objetH  (obfcrved  with  an   inrtrumcnt 
kfufficientiy  exad  to  mcafurc  an  angle  of  2  fcconds) 
^bc  infcniible,  the  dirtance  of  it  from  cither  (btion 
cannot  be  lefsthan  100,000  times  the   bafe,  from 
the eit rem i ties  of  which  it  is  obferved* 

But  you  arc  to  obfervc,  that  although  the  dlC- 
tance  of  the  object  cannot  be  Icfs  than  100,000 
■Simcs  the  bafe,  it  may  be  greater  in  any  alFignablc 
||^atio« 

H  Lines  drawn  from  any  given  point  in  a  bafe, 
~  to  an  cbjecft,  may  be  ciketned  in  pracUce  parallel^ 
^without  Icniible  error,  il  the  diitunce  ot  the  objedt 
■is more  than  100,000  times  the  bife* 

Having  laid   down  thc^^fc  few  general  princi* 

|>les,  wc  may  now  proceed  to  explain  the  paral- 
ixcs  ufed  by  aftronomens,  which  arc  principally 
hofc  which  arife  from  confidcring  the  object  as. 
icwcd  From  the  center  of  the  earth  and  liin^  from 
hcfurfacc  and  the  center  of  the  earth,  and  from 
hcfc  compounded. 

The  diameter  of  the  earth  is  the  longefl:  ftrait 

line  wc  czn   accurately  obtain,  and  is   in  general 

the  bale  ufed  for  determining  the  diftances  of  ce- 

^Icftial  objcttsby  &hcir  parallaxes. 

^B      The  change  in  the  apparent  place  of  a  planet, 

^^r  fixed  ftar,  or  any  cclcltial    body,  ariling  from 

ii*5 
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it's  being  Viewed  on  the  lurfiECt^or  fios  chftcMk 

ter  of  the  eatth,  is  called  it'»  diumat  paraUaacm 

To  explain  the  parallaxes  With  Nfip«^i»  the 
earth,  I  ihiill  ttfe  the  diafgnun,  fg.  3^  pl^  j,  vhctf 
H  S  W  rcprefents  the  earth}  T  it'a  center;  OR  6 
part  of  the  moon's  orbit  i  P  r  g  a- part  ^  m  pin* 
net's  orbit ;  Z  a  A  part  of  the  mmf  hcavept^ 
Z  S  a  line  which  pafics  through  the  aenidL 

New  it  IS  plain  froin  ma  infpefikiont.oC  tllf 
diagram,  that  a  planet  P  fituated  in  the  lemtl 
line,  always   anfMrers  to  the  fame  point  of  tbe    : 
beavcn,  whether  it  be  regarded  from  the  center  T, 
or  from  the  point  S  on  the  furface  t  fi  ikal  0  ce^   : 
leftiai  My  in  the  zeuitb  bos  noparaiUx, 

If  the  planet,  inftead  of  being  in  the  aeaitt^ 
is  in  the  horizontal  line  S  A,  perpendicufair  to.die 
line  Z  S,  it's  diftance  T  from  the  center  of  the 
earth  is  the  fame  as  it*s  diftance  T  P.  But  die 
place  of  the  planet  feen  from  the  centis^of  the 
earth  is  at  d,  while  it*s  place  Teen  from  S  dr  die 
furface  is  at  A ;  the  difference  between  thefe  tw» 
fituations  is  their  parallax. 

Let  us  now  compare  thefe  two  pointt  m  fitu- 
ations  with  the  point  Z>  where  the  ptanet  is  iisen, 
when  in  the  zenith  of  the  obfervcr.  The  an- 
gle Z  S  g  formed  by  the  vertical  fine  S  Z^  and 
the  line  S  A  in  which  the  planet  appears,. .  is  the 
apparent  diftance  of  the  planet  from  xhe  zenith : 
but  if  yotr  were  at  the  center  of  the  earth,  the  angltf 
ZTg  would  ftiew  the  /m^  diftance  from  the  zc« 
nith. 

The  apparent  diftance  ZSg,  ?s  greater  than 
the  true  diftance  ZTg,  in  the  right  angled- tri-« 
angle  g  T  S.  Geometry  proves  that  the  angle  Z  S  g 
is  c<)ual  the  two  angles  i>  1  gj  S  g  T.  It  is  therefore 
greater  than  the  angle  S  T  g,  by  the  quantitf 
b  g  T.  Thus  the  apparent  diftance  of  the  planet^^j 
from  the  zienidi,  is  greater  than  ^'       <ie  diiw 
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and  the  difference  between  ihcfetwb  angles  S  g  T, 
is  the  parallactic  angle^  uhich  is  in  this  cafe  called 
the  horizontal  parallax,  the  line  S  T  beilij]^  the  bafe 

The  parallax  of  a  celeftial  body,  i^  then  the 
angle  formed  from  the  center  of  the  body  by  two 
lines,  one  of  which  proceeds  to  the  center  of  the 
earth,  the  other  to  it's  furface;  or  it  is  the  incli- 
nation of  two  lines  which  proceed  the  one  from 
the  center,  the  other  from  the  furface  of  the  earth, 
to  unite  in  the  center  of  the  planet;  or  ftiU  in 
other  words,  it  is  the  angle  at  which  the  femidi- 
ameter  of  the  earth  will  appear,  ittn  from  thr 
center  of  the  planet. 

The  triangle  TSg,  is  called  the  parattaaic 
triangle  /  it  is  always  fituated  vertically,  becaufe  the 
line  ST  is  a  vertical  line  ;  thus  the  whole  efFeAof 
parallax  is  made  in  a  vertical  circle  ;  indeed,  as  the 
center  of  the  earth  is  under  your  feet,  that  is  the 
plane  of  all  the  veriical  circles.  Therefore,  paral- 
lax is  always  reckoned  on  thefe  circles,  making 
them  appear  lower,  but  never  to  the  right  or  left 
of  a  vertical  circle ;  confequently  the  parallax  doe* 
not  change  the  azimuth  of  a  planet. 

I  have  hitherto  only  fpokcn  of  the  parallax 
when  the  planet  is  in  the  horizon,  that  is,  when 
Z  S  g  is  a  right  angle,  and  I  have  called  this  the 
horizontal  parallax.  If  the  planet  is  nearer  the 
zenith,  as  at  y,  the  parallaitic  angle  becomes  fmall- 
cr,  and  is  called  the  parallax  of  altitude.  It  is  evi- 
dent by  the  diagram,  that  the  horizontal  parallax 
is  the  greateft  of  all,  and  that  as  the  planet  rifei 
above  the  horizon  it  gradually  diminiihes  un- 
til it  comes  to  the  zenith,  where  it  vaniflies  or 
becomes  equal  to  nothing.  Thus  the  parallax  A 
G  D  of  the  object  G,  is  greater  than  the  parallax 
a  R  B  of  the  fame  objcd  when  at  R  ;  but  when  \i 
••^  at  O  in  the  zenith,  there  is  no  parallax. 

parallax  of  a  planet  is   fmaller  m  pro- 
portion 
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portion  as  it  is  more  diftant;  for  the  nearer  g  » 
to  S,  the  greater  is  the  angle  S  g  T;  hence 
machematicians  prove^  that  when  the  altitudes  are 
the  fame^  the  parallax  of  altitude  is  in  the  inverfe 
ratio  of  the  dillance. 

The  horizontal  parallax  of  the  moon,  which 
IS  the  greatell  of  all  the  planets^  does  not  exceed 
a  degree. 

The  parallax  of  a  planet  increafes  alfo  with 
it's  apparent  diameter;  in  fact,  the  further  a  planet 
is  oif,  the  lefs  is  it's  apparent  diameter^  and  the 
diameter  diminilhcs  like  the  parallax  in  an  inverfe 
ratio  of  the  diflance  ;  therefore  the  parallax  is  as 
the  diameter.  If  the  parallax  was  leflencd  one  half, 
the  diameter  woiild  be  one  half  Icfs;  and  the  fame 
relation  fubfifls,  whatever  be  the  dillance.  Thus 
the  diameter  of  the  moon  is  alwaysrV  of  ifs 
parallax,  and  the  cube  of  this  fradion  A,  marks 
it's  fize  with  refpecl  to  the  earth. 

When  the  horizontal  parallax  of  a  celcftial 
objccl  is  kno\\  n,  it  is  cafy  to  difcovcr,  by  the  rules 
of  trigcnomctn,thc  diftance  of  the  object  -,  for  in 
the  rij;ht  angled  triangle  S  T  G,  you  have  the  femi- 
diameterof  the  earth  S  T  known,  the  angle  S  T  D 
go  degrees,  and  the  parallactic  angle  T  G  S  given, 
Ironi  M  hence  it  is  caf)  to  obtain  the  reft.  It  is  indeed 
difncult  to  determine  the  horizontal  parallax  with 
accuracv,  on  account  of  the  cir'cCls  of  rcfradion. 
But  the  parallax  of  an  object  ar  any  aftitudc  being 
oMcrved,  it's  horizontal  paralhix  may  be  computed. 

The  diurnal  paralLiv  o\  :xn  object  according 
to  the  diflercnt  fituation  of  chc  ecliptic  and  equator 
in  refpciit  to  the  zenith,  will  fonietimes  caufc  ai> 
ap'^arent  change  or  parallax  of  the  latitude,  lon- 
gitude, declination,  and  right  afccnfion  thereof. 

In  finding  the  paralLix  oftbr/::}!,  or  which  is 
rhe  fame,  the  angle  under  which  the  earth's  fcmi- " 
.juiucter  would  appear  at  that  ^^^^^ -Ke,  the: 
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is  fo  exceeding  fmall,  th:it  a  niifiake  of  one  fc- 
cond  would  occaHon  an  error  of  about  feven  mil- 
lions  of  miles,  from  whence  you  may  judge  the  cx- 
ifinefs  necelTary  /in  finding  the  parallax  of  any 
cdcftial  objedl. 

The  annual  parallax  is  the  change  in  the 
apparent  place  of  an  abieifl:,  which  is  caufed  by 
iff  being  viewed  from  the  edrth  in  different  parts 
rf  it's  orbit. 

The  annual  paralFax  of  all  the  planets  is  very 
CQiifidcrable,  that  of  th/^  fixed  fhrs  infenlibie- 

The- fun's  parallax  being  fo  fmall  as  to  be 
fefticely  fcnfible  to  the  beft  obfcrvers  when  ufmg 
the  moft  accurate  inftruments,  various  indiredl  me- 
thods have  been  propofcd:  of  thefe,  that  fuggefled  by 
Dr.Halley  is  allowed  ta  be  the  moft  pcrfcdt.  It 
m  to  obfcrvc  the  t ran/It  or  paflage  of  Venus  over 
the  fun*s  difc^  a  phenomenon  which  hnppehed  in 
the  years  176 1  and  1.769^  and  by  which  this  dif- 
ficult problem  was  refolved  with  an  accuracy  un- 
looked  for  by  aftronomers  of  ancient  times. 

Or  THE  Apparent  Motion  of  the  Fixed  Stars, 

OCCASIONED    BY    THE  ABERRATION  OF  LtGHT. 

The  aflronomers  of  the  laft. century,  in  their 
endeavours  to  difcover  thc-^  parallax  of  the  fixed 
fbrs,  found  annual  variations  in  the  ftars,  follow- 
ing a  law  contrary  to  what  would  have  happened, 
hadit  arifen  merely  from  the  earth's  lituation  in 
hit  orbit. 

Thefe  variations  threw  them  into  great  pcr- 
riexity,  from  which  they  were  not  relieved  till  Dr. 
mdley,  by  applying  himfelf  to  obfervc  accuratxly 
thefe  variations,  at  laft  difcovered  ihe  rrue  caufo 
thereof;  and  has  given  rules  for  calcuhring  the 
changes;  and  fliewn  what  allov*ances  are  to  be  made 
in confcquence  thereof,  in  obfcrvarions  of  the  (lars. 

Vol.  IV.  L  He 


146      Lectjl;res  on  Natural  PaiLosopHr. . 

He  hasalfo  proved  clearly^  that  this  abcnatioa 
of  the  fixed  (lars.  or  the  motion  which  makes  them 
appear  to  defcribe  ellipfes  of  40  feconds  diameterj 
arifes  from  the  motion  of  light  combined  with  tblt 

annual  motion  of  the  earth. 

This  I  fluill  now  endeavour  toezplain^  and 
place  in  as  clear  a  point  of  view  as  poffiblc,  de« 
firing  yoii  only  to  recoiled  the  idea  of  decoin|K^ 
tion  of  forces  into  parallelograms,  as  explained  in 
our  L^dlures  on  Mechanics.  Let  E,  jSf-  i,  pi.  15, 
be  a  (lar  darting  a  ray  of  light»  which  1  ihall  cpndk 
der  here  as  a  lingle  particle  going  from  E  to  B» 
Let  A  B  be  a  fmall  portion  of  the  earth's  Ofbit»  of 
00  feconds,  for  example;  and  C  B  the  fpace  that  the 
ray  of  light  has  paiTed  through^  while  the  earth 
moved  Iromi  A  to  B;  thus  the  particle  was  at  C 
when  the  earth  was  at  A,  and  arrives  at  B  the  lanie 
time  rfs  the^  earth.  Hence  CB  and  A  E  exprds 
the  velocity  of  light  and  the  earth  during  20  fe- 
conds. 

Draw  C  D  parallel  to  A  B,  and  finifli  the  pa- 
rallelogram DBA;  now  according  to* the  known 
principle  of  the  cofnpofition  and  dccompofition  of 
forces,  we  may  confidcr  the  velocity  E  B  of  the 
Hght,  as  rcfiiking  from  the  two  velocities  in  the 
dirc(^Hon.s  C  D,  C  A  ;  the  velocity  CD  being  the 
fame  in  quantity  and  dircAion  as  the  velocity  AD 
of  the  earth,  cannot  be  perceived,  is  therefore  de- 
flroyed  with  refpcsil  tons;  the  eye  cannot  fee  by  a  ray 
moving  in  the  fame  direv!:lion  and  with  the  fame  ve- 
locity as  the  eye.  So  that  only  the  part  C  A  Of  the 
velocity  of  the  light  will  fublift  to  us, and  the  ray  will 
come  to  the  eye  in  the  direction  C  A,  and  we  (hall 
perceive  the  Itar  in  the  line  A  C,  or  according  toBD 
which  is  parallel  thereto;  the  angle  C  BD  is  what 
is  termed  the  aberration  ;  it  is  the  quantity  that  t- 
ftar  appears  out  of  it's  true  place,  in  conrcquenc-^ 
the  motion  of  light  and  the  earth. 
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Perhaps  another  way  of  confidering  this  may 
render  it  more  clear  to  your  apprehenfions.     Sup- 
ifca  tube  to  be  erected  perpendicular  to  the  bo- 
at a  time  when  it  rains,  the  drops  to  fall  in  a 
irpendicuUr  direction,  and  the  tube  to  bcof  fuch 
diameter  as  to  admit  but  one  drop  at  a  :ime;  now 
is  plain  that  if  a  drop  of  water  enter  the  orifice 
the  tube,  it  will  fall  doun  without  touching  the 
ics.     But  if  the  tube  be  moved  along,  ftill  prefcr- 
^ng  it*$  perpendicular  direcltion,  any  drop  that  en- 
irhe  tube  will  Itrike  againil  the  fides,   and  none 
Id  pafs  freely  through  while  the  tube  is  in  mo- 
loa,   unlefs    the  tube  has  fuch  a  diredion  as  will 
compenfate  the  motion. 

Thus  let  A  B,  ^fjg,  2,  pL  15,  reprcfent  the  ho- 
>n,  CD  the  perpendicular  tube,  and  GD  the 
urfc  of  a  drop  of  rain  ;  then  if  C  D  be  moved  to- 
wards A,  while  the  drop  is  falling  within  the  tube, 
is  evident  that  the  inner  furface  of  the  tube, 
hich  is  (ituatcd  towards  B,  w ill  be  carried  againft 
ledrop,  and  prevent  it's  arriving  at  the  bottom 
Without  touching.  But  if  the  inclined  tube  be 
moved  with  a  fimilar  motion  to  that  of  the  drop 
Irom  Eto  D,  in  the  fame  time  that  the  drop  moves 
m  C  to  D,  the  lower  orifice  of  the  tube  and  the 
p  will  be  found  at  the  fame  inflantat  D,  and  the 
locity  of  the  drop  will  be  expreffed  by  CD,  and 
that  of  the  tube  by  ED. 

The  fame  reafoning  holds  good,  if  inftead  of 

drops  of  rain  we  fuppofc  particles  of  light,  and  a 

"^ricfcope  inllcad  of  a  tube.     For  to  an   obfcrver, 

*^ho  through  the  rube  C  D  views  the  vaflly  diftanc 

J)bjedl  C,  if  chc  motion  of  light  be  inftantancousor 

finitely  fwift,  no  finite  motionof  C  D,  it's  poiition 

ing unaltered,  can  prevent  it's  being  vilible;  be- 

iuff  by  the  fuppolitjon  the  light  M'hich  enters  at 

I  will  arrive  at  D  before  C  Dean  have  moved  at  all. 

But  if  light  be  propagated  in  time,  and   the 

L  2  obfcrver 
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obfcrver  be  carried  by  a  motion  fimilar  as  to  accc- 

*  leration  to  that  of  light,  thetiibe  muft  be  inclined  m 

an  angle,  w  hofe  fine  is  to  the  fine  of  C  E  D,  is 

the  velocity  of  the  obferver  is  to  the  velocity  oftigfat 

By  this  theory,  which  is  efiablifhed  by  nume- 
rous pbfervations  of  fiars  of  different  mtgnitudo 
and  fituations,  it  appears,  that  the  fmall  apparent 
motion  which  the  fixed  fiars  have  about  thdr  ifad 
places,  which  is  called  their  aberration,  arifer  from 
the  proportion  which  the  velocity  of  the  earth's 
motion  in  her  orbit.bcars  to  that  of  light. 

This  proportion  is  found  to  bjc  as  10210  Va 
I;  from  whence  it  follows,  that  light  movei  or 
is  propagated  from  the  fun  to  the  earthy  in  8  ft- 
conds,  12  thirds. 

This  difcovcry  of  the  aberration  of  tight  by 
Dr.  Bradley,  is  a  diredt  proof  of  the  motion  of 
the  earth  in  it's  orbit.  The  motion  of  Hght,  com- 
'bined  with  the  motion  of  the  earth,  produces  an 
apparent  difierencc  in  the  places  of  the  fixed  ftars; 
and  as  this  motion  is  found  to  aftcft  all  the  ftars 
diflcrently,  according  to  their  fituations,  it  fully 
proves  the  truth  ot  the  caufe  upon  which- they 
were  fuppofcd  to  depend,  and  fticws  that  the  Co- 
pcrnican  f)(lcm  is  conformable  to  nature  and  the 
order  of  things. 

Of  the  Precession  of  the  Equinoxes. 

The  ftars,  which  compofe  the  conftcllations, 
are  found  to  inncafe  their  longitude  continually. 
The  wholc.llarry  firmanunt  appears  to  have  a  flow 
motion,  from  weft  to  caft,  about  the  poles  of  the 
ecliptic>  fo  that  the  •conlkilations  fccm  to  have 
dcfcrtcd  the  places  firft  appropriated  to  them;  in-  • 
fomuch  that  the  firll:  fiar  in  ihc  conftcllation  of 
Aries,  which  appeared  in  the  vernal  interfed 
of  the  equator  and  ecliptic  in  the  time  of  j 
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the  Athenian,  upwards  of  1900  years  ago,  is  now 
removed  above  30  degrees  from  that  point;  fo  that 
Aries  is  now  where  Taurus  was,  Taurus  where  Ge- 
nini  was,  &c.  The  difcovery  of  this  motion  is 
.due  to  Hipparchus  of  Rhodes,  one  of  the  mod 
celebrated  aftronomers  of  ancient  times. 

Hence  the  conftcllations  on  the  zodiac  of  a 
celeftial  globe,  do  not  agree  in  figure  and  chara^ler^ 
the  ligns  or  conftellations  of  the  zodiac  being  to 
the  eaft  of  thofe  ligns,  or  arcs  of  the  ecliptic, 
■which  are  called  by  the  fame  names  :  for  in  order 
to  avoid  confufion,  aftronomers  thought  proper  to 
Jet  the  feveral  portions  of  the  ecliptic,  where  thofe 
conftellations  were  firft  obferved  to  be,  retain 
their  old  names,  confequently  the  vernal  equinox 
is  ftill  confidered  as  the  firft  point  of  Aries. 

The  fpaces  formerly  occupied  by  the  zodiacal 
conftellations,  retaining  their  ancient  names,  arc 
called  anaftra^  or  "jcilhont  their  former  Jlars ; 
whereas  the  fpaces  they  now  poflefs  are  called 
ftellata. 

This  flow  motion  of  the  ftars  forzvard,  is 
really  caufed  by  a  like  flow  motion  of  the  equi- 
nodial  points  backwards;  and  this  is  owing  to 
the  revolution  of  the  axis  of  the  equator  about  the 
axis  of  the  ecliptic  ;  the  pole  of  the  equator  de- 
fcribing  in  the  heavens  a  circle  about  the  }u)ie 
of  the  ecliptic. 

By  this  preceflion  of  the  eqiiinoclini  points 
from  caft  to  weft,  they  meet  the  fun  every  year 
50  feconds  of  longitude  before  a  complece  revo- 
lution has  been  made.  The  time,  in  which  the 
fun  appears  to  revolve  from  tropic  to  tropic,  is 
called  a  tropical  year;  this  with  the  time  he  has 
yet  further  to  go  to  complete  the  rcvol  !ti(;n, 
namely,  50  feconds,  is  called  the  Jidrr:a'  ^c^r, 
'Sir  Ifaac  iNcwton  accribiiccs  this  motion  to  ihi 
'U iigure  of  the  Caiih,  deJucing  Irorn  this 
i^  {  iiL'Uie 


Xjfo      Lectures  oM  Natural  PtnLosopHT. 

figure  the  revolutiort  of  the  poles  of  the  worl 
round  thofeof  the  ecliptic. 

This  motion  carries  the  ftars  about  j  degree 
20 minutes^  23  l^conds^  in  i€)0 years;  fo  thaitb 
total  revolution  of  the  fixed  ftars  eaft^ard,  bad 
to  the  equino£!:tial  points  again,  will  be  complejg 
in^5972  }'cars^  "^ 
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Ov  S6LAR  AND  SiOERiAL  Days,  of  Mean  Time, 

TBE  EoyATlON    OF    TlME,    &C. 

T^HE  rotation  of  the  earth  about  it's  axis  being 
^  yniform,  it  necefiarily  follows,  that  the  ap- 
parent diiirnal  revolurion  of  the  ftars  about  the 
tarch  mart  be  alfo  Liniform,  that  is;  made  in  equal 
times;  they  therefore  will  form  a  very  proper 
meafurc  to  denote  time*  But  then  as  they  turn 
fucceilively  with  a  conOant  motion,  one  muft  be 
feleded,  by  whofe  revolutions  time  may  be  mea- 
furcii  i  wc  muft  alfo  fix  a  term  from  whence  to 
Commence  our  reckoning. 

The  fun  being  tUr  moft  confpicuous  object:, 
Was  fixed  upon  by  the  allronomers  of  early  ag^s, 
as  the  mofl:  proper  meafure  for  the  parts  of  time. 
But  when  more  accurate  obfervations  were  made, 
thefiin's  motion  was  found  not  to  be  uniform,  and 
confcquentiy  the  time  meafured  thereby  would  bs 
father  regular  nor  equal  ;  they  were  therefore 
^5f>l3ged  to  hnd  ovit  a  meaa  or  regular  time  for  the 
blis  of  their  calculutions. 

An  iyironmnieal  or/aiar  day  is  divided  into 
H floors,  reckoning  them  in  numeral  fuccelTion, 
from  1  ip  24.  Thw  hrl;  twelve  hours  are  fomc- 
times  dirtinguifhcd  by  the  mark  F  M  for  after- 
Jioon,  the  other  tnclve  are  dillmguiflied  by  A  M 
for  before  noon.  Aftronomers  generally  reckon 
^hrough  the  24  hours  from  noon  to  noon  ;  and  what 
\^U  by  the  common  way  of  reckonig  called  morning 

L  4  hours. 
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hours,  is  by  them  reckoned  in  fucceflion  from 
noon  to  midnight.  Thus  5  o*clock  in  the  morn*^ 
ing  of  April  the  ioth«  is  by  aftronomers  called 
April  9,  1 7  hours*. 

It  the  fun  had  no  other  apparent  motion  but 
that  of  it's  diurnal  revolution,  it  would  every  daj 
dcfcribe  the  fame  parallel,  and  be  accompanied  by 
the  fame  (lars.  Biit  it  has  alfo  an  apparent  Mnud 
rnotion,  by  ^\'hich  it  feems  to  be  carried  througk 
the  zodiac  every  year,  from  weft  to  caft,  that  is,  in 
a  direction  contrary  to  that  of  it's  diurnal  revolu- 
tion. 

Hence,  if  on  any  day  the  fun  and  a  ftar  pafs  the 
meridian  at  the  fame  inftant,  on  the  next  day 
when  the  ftar  returns  to  the  meridian,  the  fun  will 
have  departed  towards  the  weft,  as  much  fpace  ai 
in  that  interval  it  has  pafled  over  by  it's  annual 
motion,  and  will  therefore  arrive  at  the  meridian 
fome  moments  after  the  ftar  ;  the  day  following  it 
will  beftill  later,  fothat  at  the  end  of  fix  months, 
itpaflcs  12  hours  after  the  ftar,  which  has  therefore 
gained  1 2  hours  on  the  fun;  and  at  the  end  of  thp 
year,  the  ftar  will  have  pafted  366  times  over  the 
meridian,  where  the  fun  has  only  paifed  365 
times. 

In  this  view  we  have  confidered  the  fun's 
apparent  motion;  the  refult  is  the  fame,  if  you 
confidcr  the  earth's  real  motion.  If  indeed  the 
earth  had  no  real  vnotion^  and  confequently  the  fun 
no  apparent  motion,  the  length  of  a  natural  day 
would  be  about  23  hours  56  minutes,  for  in  that 
lime  a  revolution  of  the  earth  is  gompleted,  as 
appears  by  an  eafy  obfervation;  for  any  fixed  ftar 
that  is  on  the  meridian  at  a  given  hour  of  night, 
will  after  2j  hours  56  minutes,  be  on  the  meridian. 
agam  the  night  follov^ing.  This  interval  of 
L  called  ^Jiiieriiil  day. 
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ttrth's  orbit,  in  which  it  goes  round  the  fun  every 

year,  according  to  the  order  of  the  letters,  that  is, 

from  weft   to  caft,  and  turns  round  it's   axis  the 

iamc  way,  from  the  fun  to  the  fun  again,  in  every 

twcnry-four  hours.     Let  S  be   the   fun,  and  R  a 

fixed  ftar,  at  fuch  an  immenfe  diftance,  that  the 

diameter  G  C  of  the  earth's  orbit  bears  no  fenfiblc 

proportion  to  that  diftance ;  N  m  n  the  earth  in 

different  points  of  it's  orbit.     Let  N  m   be  any 

particular  meridian   of  the  earth,  and  N,  a  given 

point,  or  place,  lying  Under  that  meridian. 

When  the  earth  is  at  A,  the  fun  S  hides  the 
ftar  R,  which  would  always  be  hid  if  the  earth 
never  moved  from  A;  and  confequcntly  as  the 
earth  turns  round  it's  axis,  the  point  N  would  al- 
^zys  come  round  to  the  fun  and  the  ftar  at  the 
fame  time. 

I  But  when  the  earth  has  advanced  through  an 

eighth  part  of  it's  orbit,  or  from  A  to  B.  it's  mo- 
tion round  it's   axis  will  bring   the  point  N  an 
5    eighth  part  of  a  day,  or  three  hours,  fooner  to  the 
]|    flarthanio  the  fun.'    For  the  ftar   will  come  to 
I    <he  meridian  in  the*  fame  time  as  though  the  earth 
^    had  continued  in  it's  former   fituation  at  A,  but 
the  point  N  murt   revolve  from  N  to  n,  before  it 
<^an  have  the   fun  upon  it's   meridian.     The  arc 
^  n  being  therefore  the  fame  part  of  a  whole  cir- 
<^I^>  as  the  arc  A  B,  it  is  plain  that  any  ftar  which 
conies  to  the  meridian  at  noon,  with  the  fun,  when 
the  earth  is  at  A,  will   come  to  it  at  nine  o'clock 
in  the  forenoon,  when  the  earth  is  at  B. 

When  the  earth  has  palled  from  A  to  C,  one- 
^"rth  part  of  it's  orbit,  the  point  N  will  have  the 
™r  Upon  it's  meridian,  or  at  fix  in  the  morning, 
gf  hour&  fooner  than  it  comes  round  to  the  fun; 
Doint  N  m'uft  revolve  fix  hours  more,  be- 
mid-day  by  the  fun  :  for  now  the  an- 
'-Vt  angle,  and  fo  is  N  C  n  ;  that  is, 

the 
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tfac  earth  has  advanced  90  degrees  on  it's  axiti  W, 
carry  the  point  N  from  the  Oar  to  the  fuo  r  far 
the  ilar  always  comes  to  the  meridian  whea  M 11 
is  parallel  to  R  S  A ;  becaufe  D  $  U  but  a- pout 
ia  refped  to  R  S.  When  the  earth  isatD^tbi 
fiar  comes  to  the  meridian  at  three  in  the  mxH^ 
ing,  at  £>  the  earth  having  gone  half  round  iti 
orbit';  N  points  to  the  ftar  at  midnight,  itbdog 
then  direSly  oppofitc  to  the  fun ;  and,  tkereforti 
by  the  earth's  diurnal  motion,  the  ftar  comes  19 
the  meridian  twelve  hours  before  the  fun,  and  then 
goe3  on,  till  at  A  it  comes  to  the  n^eridian  with 
the  fun  again*  > 

Thus  it  is  plain,  that  one  abfolute  revoMcHi 
of  the  eatth  on  it's  axis  -^  which  isahvay-.^cornplc* 
ted  when  any  particular  ftar  comes  to  be  paralld 
to  it's  fituation  at  any  time  of  the  day  before)  nc-' 
vcr  brings  the  fame  meridian  round  from  the  full 
to  the  fun   again;  but  that  the  earth ,  requires*  ^ 
much  more  than  one  turn  on  it's  axis,  to  finifli* 
natural  day,  as  it  has  gone  forward  in  that  timCj 
vhich,   at  a   mean  ftate,    is   a  36f;th  part    of** 
circle,  that  is,  59  minutes,  ii  feconds;  for  as  36 j 
days  arc  to  i  day,  fo  arc  360  degrees  to  59  minute^ 
&  feconds.    Hence,  in  365  days  the  earth  turns  36?^ 
times  round  it's  axis,  and  confequently,  as  one  re- 
volution of  the  earth    on   it's  axis   completes  4 
iiderial  day,  there   muft  be  one  more  lideriai  day 
in  a  year  than  there  arc  folar  days. 

Of  Mean   and  Apparent  Time. 

Further    and    more    accurate    obfervatioM 
llicwcd,  that  the  folar  days   were  not  equal  tpoM^h 
other;  after  inveftigating  this  fubjec't,  aftrononW* 
were  under  the  neceiruy  of  dininguilliing  two 
of.tirnc,    one  they  called  frue  and  appare^ 
the  other  mean  time. 
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7rue  ami  apparcift  time  is  determined  by  the 
interval  between  the  fiin's  center  paflinjjc  the  meri- 
dian, and   that   of  his   next    return    to   the   fame 
meridian.     It  is  that   fiiewn  by  a  ///;/-r.'/\//,  which 
marks  the  hours  every  day  in  fuch  a  nianncr,  that 
every  hour  is  a  24th  part  of  the  time,  between  the 
noon  of  that  day,  and  the  noon  of  the  day  imme- 
diately following. 
i ,  Mean  time  is  that  fliewn  bv  a  clock,  which 

'■'   goes  uniformly. 

I  The  time  (hewn  by  a  fun-dial^  and  the  mean 

j    time,  or  that   (hewn   by   a    well  regulated  clock, 
i     agree  only   four  times  in  the  year,  on   the   15th 
of  April,  the  i6th  of  June,  the  31ft  of  Auguft,  and 
:\    the  24th  of  December. 

J  The  clock,  if  it  goes  equably  and  true  all  the 

;.   year  round,  will  be  ie/ore  the  fun  from  the  24th 
'    of   December    to  the   15th  of  April;  from   that 
\     time  to  the  16th  of  June,  the  /]/;/  uill  be  /v/ir^  the 
j    dock;  from  thence  10  the  -^ift  of  AugulV,  the  dock 
J     vill  be  again  before  the  I'un,  and  from  the  31ft  of 
;     Augufl:  to  the  24th  of  December,  the  fun  will  be 
;     faftcr  than  the  clock.     On  ar.y  other  day,  if  you 
^'ould  fet  a  clock  by  a  fun-dial,  you  mufl  nnke 
ufcofan  equation  table,  which  ri;ev»s,  for  every  day 
in  the  year,  how  many  mini.'tes  cr  feconds  the  fun 
is  before  or  behind  the  clock  ;  the  diifcrcnce  be- 
tween the  fun  and  the  clock  is  called  the  equation 
of  time. 

Both  the  folar  ap.d  mean  day  are  divided  into 
24  hours,  or  864CO  feconds. 

Three  hundred  and  lixty  dej^^rccs  of  the  equator  ' 
P^js  under  the  meridian    in   a  fnc;in   cl-y  mure  59 
Minutes,  8  feconds,  whicii  is  thai:  part  of  ;^6o  de- 
grees of  the  fun's  anni'.ar  niotioii  corrcfponcJing  to 
^  Jtfat  time  of  a  mean  day. 

1  a  folar  or  true  day,  tlie  360  degrees  of  the 
nafs    under    the    mcri(.liaa    more  an    arc 

thereof 
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thereof  anfwering  to  the  ecliptic  arc  deferibed 
the  Tame  day^  called  the  fun's  motion  in  rigtit 
afcenfion. 

When  the  fun  is  furtheft  from  the  earthy  or 
in  apogee^  his  motion  in  ri^ht  afcenfion  in  a  day, 
is  I  degree>  2  minutes,  6  ^conds;  therefore  3i$| 
degrees,  2  minutes,  6  feconds,  pafa  the  meridian 
in  a  folar  day.  By  u  orking  this  proportion,  aa  360 
degrees,  59  minutes,  8  feconds,  is  to  24.  hours,  fo 
is  361  degrees,  2  minutes,  6  fecondt,  we  find  24 
degrees,  o  minutes,  12  feconds.  Confequcntiy  when 
the  fun  is  in  apogee,  the  folar  day  is  12  feconds 
longer  than  the  mean  day. — From  hence  it  follows: 

I.  That  in  every  fecond  of  a  clock  well  rc- 
milated  to  mean  time,  an  arc  of  15  minutes  at 
Seconds  of  the  equator  palTcs  the  meridian  i  for  this 
is  the  quotient  of  360  degrees,  59  minutes«,  t 
ieconds,  divided  by  86400  feconds. 

2^  That  a  ftar's  revolution  anfwers  to  360 
degrees  of  the  equator,  while  the  mean  day  ai}- 
fwers  to  360  degrees,  59  minutes,  8  feconds.  This 
difference  of  59  minutes,  8  feconds,  being  re- 
duced to  time,  gives  3  minutes,  56  feconds.  There- 
fore the  ftars  anticipate  3  minutes,  56  feconds, 
every  day  on  mean  time;  or,  which  is  the  fame,  a 
ftar's  diurnal  revolution  is  made  in  23  hours,  56 
minutes,  4  feconds. 

3.  To  find  whether  a  clock  be  well  regulated 
to  iT>can  time,  obfervc  if  it  Ihcw  exactly  23  hours, 
56  minutes,  4  feconds,  from  the  inftant  of  any 
ftar's  paflage  through  a  fixed  point,  to  that  of  it's 
return  to  the  fame  point.  By  what  the  clock  cx- 
cec(is  this,  it  is  fallcr,  by  what  it  wants  thereof, 
it  is  flower  than  mean  time. 

Of  the  Equation  or  Time. 

I  have  already  o]i)ferved  to  you,  that  the  r^if« 
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iionoftime  is  the  difference  between  mean  and 
apparent  time,  or  that  pointed  out  by  a  good 
clock  and  a  fun-dial. 

You  will  foon  i)crccive,  that  there  would  have 
been  no  difference,  and  confequcntly  no  need  for 
toy  equation,  ift,  if  the  earth's  orbit  was  a  per- 
fcft  circle  with  the  fun  at  the  center;  2dly,  if  the 
earth  had  moved  through  an  equal  part  or  portion 
of  that  circle  every  day  ;  and  3dly,  if  the  axis  of 
her  diurnal  motion  was  always  perpendicular  to 
the  plane  of  her  orbit.  But  neither  of  the 
foregoing  fuppo  fit  ions  is  true ;  for,  i.  the  orbic 
of  the  earth  is  an  ellipfe;  2.  her  motion  there- 
in is  not  equal;  and  3.  her  axis  is  inclined  to  the 
plane  of  her  orbit :  the  mcafure  of  time  therefore, 
as  far  as  it  depends  on  thcfe  circumftances,  muft 
be  unequal,  and  fubjeft  to  an  equation. 

The  equation  of  time  may  then  be  confidercd 
as  arifing,  1.  from  the  obliquity  of  the  ecliptic  to 
the  equator;  2.  from  the  unequal  progreflion 
of  the  earth  through  her  elliptic  orbit. 

Of  the  jirji    caufe  of  inequality,    or    that  arifing 
from  the  obliquity  of  the  earth  to  the  ecliptic. 

The  motion  of  the  earth  on  it's  axis  is  perfc<5lly 
equable,  or  always  at  the  fame  rate;  and  the  plane 
ot  the  equator  being  perpendicular  to  it's  axis,  it 
is  evident,  that  in  equal  times,  equal  portions  of 
the  ^y«a/i9r  would  pafs.ovcr  the  meridian;  and  fo 
alfo  would  equal  portions  of  the  ecliptic^  if  it 
^'cre  either  parallel  to,  or  coincident  with  the 
equator. 

But  as  the  ecliptic  is  cHiquc  to  the  equator, 

^^^  equable  motion  ot  the  earth  carries  unequal  per- 

tions   of  the  ecliptic  o\tr    the   meridian    m    equal 

^wnc&^he    ditierence   being  proportionate   to  the 

and  as  Ibmc  parts  ot   the  ecliptic   are 

' '<in    others,  dilfcrences    arc 

fclvcs.  ]  ore,  we  Ihould 

luppole 


i6o    Lectures  on  Natural  Philosofiit. 

fuppofc  two  funs  to  ftart  from  the  beginning  either 
of  Aries  or  Libra,  and  continue  to  move  through 
equal  arcs  in  equal  times,  one  in  the  equator,  the 
other  in  the  ecliptic,  the  equatorial  fun  would  al- 
ways return  to  the  meridian  in  24  hours  time  as 
nicafurcd  by  a  good  clock,  but  the  fun  in  the' 
ecliptic  would  return  to  the  meridian  fometimcs 
fonner,  fomccimcs  later,  than  the  equatorial  fun, 
and  only  the  fime  inltant  with  him  four  days  in 
the  year. 

To  render  this  plainer,  we  will  have  rccourfe 
to  a  diagram,  fy\  4,  /»/.  4.  This  figure  is  to  be 
confidered  as  a  view  of  part  of  the  concave  fphere 
of  the  heaven,  wherein  D  E  reprefents  apart  of 
the  celeflial  ecjuator,  F  G  a  part  of  the  ecliptic,^ 
A  the  interfeclion  of  the  two  circles  at  the  vernal 
eqninoxy  A  U  a  degree  upon  the  equator.  If  we  ima- 
gine the  plane  of  the  meridian  to  pafs  from  the 
lituation  M  M,  into  the  fituation  N  N,  in  going 
through  the  arc  A  B,  one  degree  of  the  equator, 
it  will  aifo  go  through  the  arc  A  C  more  than  one 
degree  of  the  ecliptic.  For  in  the  triangle  A  B  C^ 
the  angle  at  B  is  a  right  one,  confequently  the 
l;\pothenufe  A  C  is  the  longelt  fide. 

At  t\\c  h!j!icfs  the  obliquity  of  the  ecliptic 
has  a  contrary  ef!c^':i:,  :\n^  helps  to  lengthen  the 
natural  days  :  this  will  be  QvAWy  comprehended  by 
viewing  the  drngram,  ji\^.  5,  /;/.  4,  where  T  T  is 
part  ol  tJ-ic  tropic  of  (.':i;>ricorn,  (J  D  part  of  the 
ecliptic,  which  v.wy  be  conlklered  as  coincident 
^uth  the  tropic  for  f(MV;c  difhinrc  on  each  lide  of 
the  folltitial  point,  as  Iroin  A  to  B;  and  there- 
iore  meridians,  which  are  ])crpendicular  to  the 
tropics,  n^iay  be  conlklrrtj  II:  that  fpacc  as  per- 
pendicular to  the  ecliptic,  'i  ii!>.  being- fuppofcd,  Jt 
meridian,  in  going  from  A  towards  B,  will  go 
throu^^h  as  large  an  arc  in  thv  iropic  as  the  eclip- 
tic :  but  the  tropic   not  being  a  great   circle. 
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arc,  as  ab,  taken  in  both  thefe  circles,  will  meafure 
more  minutes  in  the  tropic  than  in  the  ecliptic, 
and  that  in  the  ratio  as  the  ecliptic  exceeds  the 
tropic  in  dimenfions :  now  the  circumference  of 
the  ecliptic  is  to  that  of  the  tropic,  nearly  as  60 
to  55  ;  and  therefore  the  arc  a  b,  of  55  minutes 
in  the  ecliptic,  will  be  60  minutes  in  the  tropic. 
But  every  meridian  paflcs  in  the  fame  time  through 
ihnilar  arcs  in   the  celeftial  equator,  and  all  cir- 

,  dcs  parallel  to  the  equator,  as  the  tropic's  arc: 
confequcntly  at  the  folftices  every  arc  of  the 
ecliptic  pafled  through  by  any  meridian  in  a 
given  time,  will  be  to  the  arc  of  the  equator  paf- 
fed  through  in  the  fame  time,   as  55  to  60. 

The  fecond  caufe  of  the  difference  in  the  time 
ihewn  by  a  well  regulated  clock,  and  a  true  fun- 
dial,  arifes  from  the  inequality  of  the  fun's  appa- 
rent motion,  which  '\%Jloivcft  in  fummer^  when  the 
fun  x^fartbejl  from  the  earth,  tanA/.vifteJi  in  the  win^ 
ter,  when  he  is  neareft  thereto  j  whereas  the  earth's 
motion  on  it's  axis  is  equable  all  the  year  round. 

If  the  fun's  apparent  motion  in  the  ecliptic 
were  equable,  the  whole  difference  between  the 
equal  time  as  Ihewn  by  the  clock,  and  the  unequal 
time  as  (hewn  by  the  fun,  would  arife  from  the  ob- 
liquity of  the  ecliptic.  But  this  is  not  the  cafe, 
for  the  fun's  motion  fometimes  exceeds  a  degree  in 
24  hours,  though  it  is  generally  kf>.  And  when 
his  motion  is  floweft,  any  particular  meridian  will 
return  and  revolve  fooncr  to  him  than  when  his  mo- 
lion  is^'  quickeft,  for  it  will  overtake  him  in  lefs 
time  when  he  advances  through  a  Icfs  fpace,  than 
when  he  moves  throLig!i  a  larger. 

On  the  firft  of  January,    the   daily  motion  of 

the  fun  in  the  ecliptic  is  nearly  i  dcerec,  i  n>iniitc, 

J3  feconds  ;  but  on  the  firfl:  of  July,   chc  daily  mo- 

♦'^on  is  57  minutes,  13  femnds  ;  the  mcdiuii]  ofrlicfe 

nutes,  13  fee  7'hc  fun's  place  in  the 

V.  ecliptic 
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ecliptic,  calculated  on  the  fupppfition  of  a  dailf 
fnotion  of  59  minutes,  13  feconds,  will  be  behin 
his  obfervcd  place  from  the  beginning  of  January 
to  the  beginning  of  July,  and  will  be  before  it  from 
the  beginning  of  July  to  the  beginning  of  Jamiaiyi 
the  greatelt  difference  is  about  i  ciegreej  55  nu-^ 
nutes,  32  feconds,  which  is  obferved  about  nic  be- 
ginning of[  April  and  Odlober,  at  which  time  Ae 
obferved  daily  motion  is  59  minutes,  13  feconds. 

It  is  neceifary  for  an  aftronomerto  Icnow  bocb 
true  and  mean  time ;  the  firft>  to  afcertain  th^  time 
of  obfervation ;  the  fecond,  becaufe  the  tables  of 
the  planets,  &c.  are  calculated  in  confbrmitf 
thereto. 

The  relation  between  true  and  mean  time,  is 
difcovered  by  obfervtng  the  time  marked  by  your 
clock,  at  the  inftant  when  the  center  of  the  liui 
pafles  the  meridian,  and  adding  what  it  wants  of 
12  hours,  or  fubtradling  the  excefs  above  it. 

It  is  obtained  for  any  other  hour  befides  ia» 
by  taking  from  the  difference  between  the  time  it 
has  palTcd  on  two  fubfequent  days,  the  part  propor* 
tional  to  the  hour  you  are  feeking. 

Example:  March  3,  when  the  fun*s  center 
pafTed  the  meridian,  the  clock  was  12  hours,  17 
minutes,  49  feconds ;  the  clock  was  therefore  17 
minutes,  49  feconds,  fafler  than  true  or  apparent 
time. 

On  the  4th  of  March,  it  was  12  hours,  17  mi- 
nutes, 4.2^  feconds  ;  the  difference  is  6^  feconds,  or 
about  i  of  a  fecond  per  hour.  Now  on  the  3rd» 
the  planet  Marspaffed  the  meridian  at  14  hours,  27 
minutes,  32  feconds  ;  the  pendulum  was 3^  fecond^ 
more  advanced  than  at  noon,  M'hich  gives  it's  ad- 
vance for  that  hour,  17  minutes,  45  i  feconds^ 
which  fubtradted  from  14  hours,  27  minutes,"  32  fe- 
conds, gives  14  hours,  9  minutes,  46^  feconds,.  for 
the  true  or  apparent  time  of  the  tranfit  of  Mars. 

From 
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Frotrt  what  I  have  now  explained  to  you,  it 
appears  that  there  is  no  body  in  nature^  whofe  mo- 
tion is  pcrfedly  uniform  and  regular;  that  when- 
ever wc  look  for  commenfurabilities  and  equalities  in 
nature,  we  are  always  difappointed.  The  earth  \% 
fpherical,  but  not  perfedtly  fo ;  the  fummer  is  un- 
equal when  compared  with  the  winter;  the  ecliptic 
difagrees  with  the  equator^  and  never  cuts  it  twice 
in  tne  lame  equinodial  point ;  the  orbit  of  the 
earth  has  an  eccentricity^  more  than  double  in 
proportion  to  the  fpheroidity  of  it's  globe;  no 
number  of  the  revolutions  of  the  moon  coincide 
i¥ith  any  number  of  the  revolutions  of  the  earth  in 
it's  orbit ;  no  two  of  the  planets  meafure  one  ano- 
ther; and  thus  it  is  wherever  we  turn  our  thoughts, 
fo  different  are  the  views  of  the  creator  from 
our  narrow  conception  of  things;  where  we  Jook 
for  commenfuratiott,  we  find  variety  and  infinity.* 

It  is  fcarce  poflible  to  refrain  here  from  join- 
ing with  an  elegant  moralift  in  obfer ving,  that  air 
the  appearances  of  nature  uniformly  confpire  to 
remind  us  of  the  lapfe  of  time,  and  the  flux  of  life. 
The  day  and  night  fucceedeach  other,  the  rotation 
of  the  feafons  diverfifies  the  year,  the  fun  attains 
the  meridian,  declines  and  fets,  and  the  moon  every 
night  changes  it's  form. 

The  day  may  be  confidered  as  an  image  of  the 
year,  and  a  year  as  the  reprefentation  of  life.  The 
morning  anfwers  to  the  fpring,  and  the  fpring  to 
childhood  and  youth ;  the  noon  correfponds  to  the 
fummer,  and  the  fummer  to  the  ftrength  of  man 
hood;  the  evening  is  an  emblem  of  autumn,  and 
autumn  of  declining  life.  The  night,  with  it's  li- 
lenceand  darknefs,  fhews  the  winter,  in  which  all 
the  powers  of  vegetation  are  benumbed ;  and  the 
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winter  points  out  the  time  nrhen  life  fhall  ceafct 
with  it's  hopes  and  pleafures. 

He  that  is  carried  forward^  however  fwiftly, 
by  a  motion  equable  and  eafy^  perceives  not  the 
change  of  place,  but  by  the  variation  ofobjeds. 
If  the  wheel  of  life,  which  rolls  tht»  fitently  auoi^ 
pafled  on  through  undiftinguifhable  uniformity,  wc 
ihould  never  mark  it's  approaches  to  the  end  of 
the  courfc.  If  one  hour  were  like  another ;  if  the 
paflagcs  of  the  fun  did  not  (hew  it's  waftii^ ;  if 
the  change  of  feafons  did  not  imprefs  upon  us  the 
flight  of  the  year;  quantities  of  duration,  equal  to 
days  and  years,  would  glide  away  unobfervra.  If 
the  parts  of  time  were  not  varioufly  coloured,  we 
ihould  never  difcern  their  departure  or  fuccellion  j 
but  ihould  live  thoughtlefs  of  the  pa{(,  and  careleft 
of  the  future,  without  will,  and  perhaps  without 
power,  to  compare  the  time  which  is  already  loft, 
with  that  which  may  probably  remain. 
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LECTURE  XLIIL 


On  the  Planetarium,    Tellurian,   and 
lunarium. 


TO  rcprefcnt  by  machines  the  motions  and  va- 
rious afpcfts  of  the  heavenly  bodies,  the 
parallciifm  of  the  earth's  axis,  together  with 
it's  annual  and  diurnal  motions,  and  by  this  means 
to  explain  the  beautiful  variety  of  feafons  and 
other  terreftrial  and  celeftial  phenomena,  has  ever 
been  confidered  as  one  of  the  nobleft  efforts  of 
mechanical  genius.  Among  the  variety  of  ma- 
chines contrived  for  thcfe  purpofes,  that  before 
you  (fig.  I,  pi.  II J  is  thebeft  adapted  for  reprc- 
ienting  the  celeftial  motions. 

It  feems  highly  probable,  that  the  ancients 
\ecre  not  unacquainted  with  planetary  machines, 
but  that  the  fame  powers  of  genius  which  led 
them  to  contemplate  and  reafon  upon  the  heavenly 
bodies,  induced  them  to  realize  their  ideas,  and 
form  inftruments  for  explaining  them;  and  we  may 
fairly  prcfunie,  thefe  were  carried  to  no  fmall  de- 
gree of  perfeflion,  when  we  confidcr  that  of  one 
jfrcbimedes  was  the  maker,  and  C/cero  the  en- 
comieft. 

A  planetarium  may  be  confidered  in  fomc  fort 
as  a  diametrical  fcction  of  our  univcrfe,  in  which 
the  upper  and  lower  hcmifphcrcs  are  fupprefTed. 

The  upper  plate  is  to  anfucr  for  the  ecliptic  / 
on  this  are  placed,  in  two  oppoiite,  but  corre- 
Iponding  circles,  the   days  of  the  month,   ajui  luc 
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ligns  of  the  ecliptic^  with  their  reipe6kivf  da- 
nders ;  by  this  plate  you  joiay  fet  thjc  pUaaauf 
balls  fo  as  to  be  in  their  refpedivc  plaqef  in  dv 
ccligtic,  for  any  d»y  in  the.ydur* ,  ' 

Through  the  center  of  thi|  pK(tlf"^ffTJBr 
ferve  a  flrong  ftem,  on  which  is  >  brafs  ball  to  re- 
prefent  thc/uHi  round  the  ftem  are  different  foe? 
kets  to  carry  the  arms^  by  which  cfie  fevcral  plancii 
are  fupported.  The  planets  arc  rcprefented  by 
ivory  bails,  having  the  hemifphere  which  is  next 
the  fun  white^  the  other  black,  to  exhibit  thcb 
refpcftive  phafcs.  1  can  with  eafc  either  take  o^ 
or  put  on,  any  of  the  plaaets,  as  pccafion  may  il- 
^uire.  About  the  primary  planets  ate  plocted  A/f 
Kcondary  planets  or  moons,  which  are  ia  this  Uh 
ftrupent  only  moveable  by  the  hand. 

I  turn  the  handle,  and  all  the  pUnecs  are  par 
in  motion,  moving  round  that  ball  which  fe^ifeii 
feiits  the  ftm.  Now  if  you  take  the  earth's  fMOti« 
as  a  ftandard,  they  move  with  the  fame  rclatifo 
velocities  and  periodical  times  that  they  have  ia 
the  heavens.  1  fcarcdy  need  obfe^ve,  that  it  i| 
impoflible  to  give  an  idea  of  the  proportion  and 
diftances  of  the  planets  in  the  compafs  of  an  in^ 
flrument  fo  fmall  as  that  before  you,  or  indeed  o( 
any  inftrumcnt  whatfoever. 

The  motions  are  carried  on  by  a  trwn  of 
wheel-work  concealed  in  the  box  under  the  eclip* 
tic. 

General  Explanation    of  the  Solar  System, 

BY  THE  Planetarium. 

As  the  center  of  the  folar  fyftcm  is  the  oalf 
place  from  which  the  motion  of  the  planets  cn^ 
be  truly  feen,  let  us  fuppofe  ourfelvcs  fituatdd 
the  center  of  the  ball  reprcfenting  the  fun.  In 
fituation  the  heavens  would  appear  oerfcdUy  ^ 
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the  ftars  being  fo  many  lucid  points  in  the 
Concave  furface  of  the  fphcre. 

Having  attentively  confidcred  the  ftars  for  a 
long  time,  you  will  remark  two  forts,  the  one  fcau 
tcrcd  throughout  the  heavens  unequally  luminous^ 
pcrfcdtly  at  reft,  and  therefore  called  fixed  Jiars; 
the  other  fort  moving  round  the  fun  w  ith  unequal 
velocities,  called  pianets.  By  taking  one  of  the 
fixed  ftars  for  a  point  to  fct  out  from,  or  for 
this  purpofe  in  our  inftrument,  ufing  any  of  the 
points  into  which  the  ecliptic  is  divided,  it  will 
eafy  to  determine  the  motions  of  the  planets* 
Thus  by  obferving  the  earth  as  I  turn  the 
winch,  you  may  perceive  that  it  continually  ap- 
oaches  nearer  and  nearer  to  the  more  eallern 
as  ;  in  a  certain  fpace  of  time,  it  will  return  to 
place  from  whence  it  fct  out. 
Thus  you  fee  how  readily  the  periods  of  the 
Janets  revolutions  may  be  obtained,  by  obferving 
the  time  that  elapfes  between  their  fetting  out 
any  fixed  point,  and  returning  to  the  fame 
The  annual  motion  of  the  earth  is  the 
is  or  ftandard,  to  which  the  motions  of  the  other 
s  are  compared  ;  and  this  is  one  of  the  rea- 
onsj  why  ihe  months  and  days  of  our  months  arc 
engraved  on  the  ecliptic  circle  of  the  planeta- 
I     num, 

■       The  curves  which  the  planets  dcfcribe  in  their 
^revolutions,  are  what  are  called  their  orbits^ 
I  If  the  paths  of  the  planets  w  ere  in  one  place, 

as  in  this  inftrument,  they  would  all  be  referred  to 
^pne  circle  in  the  heavens  ;  but  this  is  not  the  cafe, 
Hfot  their  paths  crofs  each  other  in  diUcrcnt  parts 
of  the  heavens. 

When  you  confider  the  motions  of  the  littk 

ij'ftcm  before  you,  while  you  arc  fuppofed  to  view 

It  from  the  fun,  all  is  regular  ;  but  when  you  view 

it  from  the  earth,  many  of  the  appearances  become 
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intricate  and  perplexed.  When  the  vorlcs'  of  Gao 
are  examined  from  a  proper  pointy  there  is  notfauy 
but  uniformity ^  teattiy^^nd  precifion^  and  the  heifP 
vensprefent  )ou  wi  h  a  plan  inexprefliblj  nugr 
nificent,  and  yet  regular  beyond  the  power  of  ia- 
yention.  When  properly  examined  and  looked 
into,  you  will  always  find  the  volume  of  the  uoi- 
vtrle  as  perfeft  as  it*s  author,  containing  mines  of 
truth  for  ever  opening,  fountains  of  good  forefcr 
flowing,  being  an  endlefs  fucceflkm  of  brighter 
and  ftill  brighter  exhibitions  of  the  glorious  god« 
head,  alwa>  s  anfwering  the  nature  and  idea  of  in* 
finite  fulnefs  and  perfeclion. 

In  the  center  of  the  fyftem  is  theyb^,  placed 
in  the  heavens  by  that  Almighty  Power  who  ftidi 
"  Let  there  be  light,  and  there  was  liribt," 
to  be  the  fountain  of  light  and  heat  to  all  ^ 
planets  revolving  round  him.  In  this  machine 
his  fituation  is  pointed  out  by  this  brafs  ball. 

The  neaicft  planet  to  the  fun  is  Mercurj; 
obferve  the  part  of  the  ecliptic  he  is  at,  and 
alfo  the  place  ^l-cre  the  earth  is  fituated*  I  now 
turn  the  handle,  Mercury  is  arrived  at  the  place 
from  whence  he  fct  out,  and  our  earth  has  gone 
over  88  days  of  the  ecliptic  ;  the  velocity  we  here 
give  the  planet  is  inconiidcrat>lc,  but  in  his  course 
in  the  heavens  he  is  luppofed  to  move  with  a  ve- 
locity equal  to  iqo,oco  miles  in  an  hour. 

Venus  is  the  next  planet  ih  the  fyftem  ;  in  the 
heavens  Ihe  is  diftinguiflied  by  the  fuperiority  of 
her  luftre,  appearing  to  us  the  brightelt  and  largeft 
of  all  the  planets.  By  obfcrving  her  courfe  through 
the  ecliptic,  and  comparing  it  with  the  days  paucd 
over  by  the  earth  at  thg  fame  time,  you  will  find  in 
our  inftrument,  Venus  revolving  round  the  fun  in 
225  days ;  in  the  heavens  (he  moves  at  the  late  ^ 
Jto,9SS  miles  in  an  hour. 

The  third  ^.lanp(  i|i  the  folar  fyftepi 
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Earth  :  diminutive  as  it  appears  before  you  in  this 
inftrument,  it's  real  diameter  is  near  Sooamires; 
it  revolves  round  the  fun  in  the  fpace  of  365  days, 
imo  which  number  the  brazen  ecliptic  is  divided  ; 
this  revolution  coniytutes  our  year,  while  it'$ 
revolution  rouAd  it's  axis  forms  day  and  night. 

The  little  ball  clofe  and  annexed  to  the  earth, 
reprelerits  the  Moon^  of  which  I  (hall  fay  nothing 
it  prefent,  as  there  is  a  part  of  the  inftrument  for 
explaining  more  particularly  her  phenomena* 

The  planet  Mars  is  next  in  order,  being  the 
firft  above  the  earth's  orbit  $  he  revolves  round  the 
fim  in  about  686  days ;  fo  that  our  earthy  as  you  will 
obferve  by  the  inftrument^  goes  nearly  twice  round, 
while  he  is  performing  his  revolution  %  he  is  fup« 
pofcd  to  move  at  the  rate  of  55,783  miles  an  hour. 
To  this- planet  our  earth  and  moon  will  appearlike 
two  moons,  fometimes  half  or  three  quarters  illu* 
ininatedy  bqt  never  full. 

Jupiter,  the  largefl  of  all  the  planets,  is  next 
beyond  Mars;  and  our  earth  muft  have  gone 
nearly  12  times  round  the  ecliptic  for  one  revo- 
lution of  Jupiter  ;  yet  fo  far  is  it's  path  removed 
from  the  fun,  that  to  go  round  it  in  this  fpace  of 
f  ime,  it  moves  at  the  rate  of  30,1 93  miles  an  hour. 
Though  larger  than  the  earthy  it  appears  but  fmall 
in  the  heavens,  becaufe,  as  you  know,  objeds  de- 
creafe  xnlYitvT  apparent  magnitude  in  proportion 
to  their  real  diftance.  It  is  attended  with  4  fatel- 
Jites,  herereprefented  by  thefe  4  balls;  they  arc 
inyifible  to  the  naked  eye,  but  appear  beautiful 
through  a  telefcope. 

Saturn^  the  next  planet,  is  ftill  higher  in  the 
Jyftcm,  performing  it's  circuit  in  about  thirty 
years  of  our  time  ;  fo  that  in  this  inftrument  it's 
motion  is  fcarccly  fcniible,  while  in  the  heavens 
it  goes  at  the  rate  of  22,298  miles  an  hour.  It  is 
ficcompanied  by  five  fatellitcs,  and  a  large  lumi- 
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nous  ring,  here  reprefent^d  by  this  iirorycistlc^ 
and  which  is  one  of  the  moft  curious  phenomedii  df 
nature. 

The  Georgium  Sid^s,  or  Gcoi^an  phne^  tt 
iCallcd  in  compliment  to  his  Majefty  Ititig  G^cHJ^ 
fhe  III.  (the  Royal  patron  and  pnomoce^  Af  w 
^rts  and  fciences)  is  the  feventn  planet  Itt  00^ 
fyftem;  it  is  near  twice  the  dillance  of  Saturn 
from  the  fun^  round  which  it  revolves  in  ibcwl 
to  years. 

To  explain,  hy  the  planetarium^  why  tbefuk^  heii^ 
a  fixed  body^  appears  to  pafs  through  all  thifiptt 
of  the  zodiac  In  twelve  moniks,  or  one  yiar. 
Ji  Will  Jhew  that  this  phenomenon  is  occq/lMii^ 
the  annual  motion  nfthe  earth. 

As  the  general  phenomena  of  the  pboK^bUV 
fyftem  will  be  the  beft  underftood  by  an  inAd^ftira 
erf"  particulars^  I  ihali  remove  all  the  plandts  bkft 
thofe  whofe  niotion  I  am  going  to  explain  i  for 
inftance^  I  (hall  le&ve  only  the  earth  and  fun^  and 
place  the  earth  over  Libra^  and  it  is  plain  thtt 
the  fun  wiK  then  be  transferred  by  the  eye  of  i 
fpedator  bn  the  earth  to  Aries^  in  which  fign  it 
will  appear  at  the  latter  end  of  March  :  move  the 
earth  on  in  it's  orbit  to  Capricornus^  and  the  fuH 
will  appear  at  Cancer  in  June,  feeming  to  have 
moved  trom  T  to  25,  though'  it  has  not  ftirired,  the 
real  motion  of  the  earth  having  caufcd  the  Ipeda* 
tor  to  transfer  the  fun  to  all  the  intermediate  points 
in  the  heavens,  and  thus  given  it  an  apparent  n)^ 
tion-.  Continue  to  move  the  earth  till  it  arrives  at 
Aries,  and  the  fun  will  be  fcen  in  Libra  in  th^ 
month  of  September :  nrioving  the  earth  on  t6 
Canper,  the  vifual  ray  of  the  fpedator  refers  th6 
fun  to  Capricorn,  as  it  appears  in  the  mohth  df 
t/cccmber.     Laflly,  continue  moving   the  earth^i 

and 
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find  it  will  arrive  v^t  Aries,  where  we  fet  out.  Thu* 
I  have  (hewn,  that  it  is  the  motion  of  the  earth: 
Vhich  caufes  the  fun  to  appear  in  all  the  different 
Ggns  of  the  zodiac.  Cudom,  indeed,  has  taught 
us  to  {ay  the  fun  is  in  Aries  ^  when  it  is  between  us 
and  Aries,  and  fo  of  any  other  iign ;  whereas  i( 
would  have  been  more  proper  to  fay^  that  the 
forth  is  in  Liira. 

Tojhew  why  at  different  times  of  the  year  v>efee 
the  heavens  decorated  with  an  entire  ^different 
folleSion  ofjlars. 

This  phenomenon  is  occaiioned  by  the  earth's 
prc^reflive  or  annual  motion :  while  the  earth  is 
traverfing  it*s  courfe  under  the  vaft  concave  of 
fixed  flars,  we  are  gradually  carried  under  the  dif- 
ferent conftellations.  From  hence  it  is  evident,, 
that  at  night .  when  the  earth  is  turned  from  the 
fuHj  we  mall  in  fucceflion  have  the  opportunity  of 
viewing  from  time  to  time  all  the  flars  in  the  zo- 
diaCj  and  confequently  a  different  conflcllation 
•  will  prefent  itfclf  every  nionth. 

Thus,  the  Pleiades  are  not  vifible  in  the  fum- 
mcT;  but  in  the  winter  the  earth  is  got  between 
the  fun  .and  them.  Thefc  ftars  are  obfervable  at 
night,  becaufe  they  are  not  intercepted  from  our 
fight  by  the  fun's  rays  ;  and  in  this  manner  they 
appearduring  the  whole  winter,  only  they  fcem  to 
get  more  weflerly  every  night,  as  the  earth  moves 
gradually  by  them  to  rheealt.  To  make  this  flill 
more  clear,  place  the  earth  in  the  planetarium 
jbetween  the  fun  and  any  of  the  figns,  that  fide 
towards  the  fun  will  be  day,  and  that  towards  the 
Iign  night :  it  follows,  that  at  night  we  are  turned 
cowards  the  ftars,  which  in  that  lign  (fuppofc,  as 
Jbeforc,  the  Pleiades  in  Taurus)  will  then  be  con- 
/bicuous  to  us  ;  but  as  the  fpring  approaches,   the 

earth 
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earth  withdraws  itfelf  from  between  thefuoMit 
the  Pleiades,  till  at  length  the  earthy  by  it*t  pn^ 
ffreilive  motion,  gets  the  fun  betweep  it  and  die 
nars,  which  then  lie  hid  behind  the  folar.iap: 
after  the  fame  manner,  while  the  earth  perform 
it*s  annual  traA,  the  fun»  which  always  fistnu.tt 
move  the  contrary  way»  darkens,  by  his  iplemi^ 
the  other  conftellations,  fucceflivelys  but  tbc^pn 
oppoiite  to  thofe  hid  by  the  fun^  are  at  night  pr&- 
l^nted  to9urview» 

C^NERAX^    PhBNOMEHA  OF  THE  PmnRTSv 

I  ihall  now  place  the  earth.  Mars,  and  Ventu^ 
en  the  planecanum,  and  as  each  planet  moves 
with  a  different  degree  of  velocity,  they  9fc  cort^ 
tinually  changing  their  relative  pofitions.  Thus 
on  turning  the  handle  of  the  machme,  you  find«  ift| 
that  the  earth  moves  twice  as  fall  as  Mar*^  mak- 
ing two  revolutions  while  he  makes  one;  and  Ve- 
nus, on  the  other  hand,  moves  much  fafter  than 
the  earth.  Secondly,  that  in  each  revolution  of 
the  earth  thefe  planets  continually  change  their 
relative  pofitions,  correfponding  fometimes  with 
jhc  (ame  point  of  the  ecliptic,  but  much  ottener 
^ith  different  points. 

To  explain    the  conjunf/ion^    oppnjition,    elongation^ 
and  other  phenomena  of  the  inferior  planets. 

We  may  now  proceed  to  make  fome  obfer- 
vations  on  the  motions  of  Venus,  as  obfervcd  in 
the  planetarium.  If  confidercd  as  viewed  from 
the  fun,  wc  fliall  find  that  Venus  would  appear 
at  one  time  nearer  to  the  earth  than  at  another; 
that  fometimes  flie  would  appear  in  the  fame  ptrt 
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*t  the  heavens,  and  at  others  in  oppofitc  parts 
Acreof. 

As  the  planets,  when  feen  from  the  fun, 
thange  their  pofition  with  rcfped  to  the  earth, 
fo  do  they  alfo,  when  feen  from  the  earth,  change 
their  pofition  with  refped  to  rhe  fun,  being  fome- 
times  nearer  to,  at  others  farther  from,  and  at 
times  in  conjundlion  with  him. 

But  the  conjuniflions  of  Venus  or  Mercury, 
feen  from  the  earth,  not  only  happen  when  they 
trc  feen  together  from  the  fun,  but  alfo  when 
they  appear  to  be  in  oppofition  to  the  folar  fpec- 
tator.  To  illuftrate  this,  bring  the  earth  and  Ve- 
nus to  the  firft  point  of'Capricon;  then  by  ap- 
plying a  ftring  from  the  fun  over  Venus  and  the 
earth,  you  will  find  them  to  be  in  conjundtion, 
or  on  the  fame  point  of  the  ecliptic. 

Whereas  if  you  turn  the  handle  till  the  fun  is 
between  Venus  and  the  earth,  a  fpcdator  in  the 
fun  will  fee  Venus  and  the  earth  in  oppofition; 
but  an  inhabitant  of  the  earth  will  fee  Venus  not 
in  oppofition  to  the  fun,  but  in  conjundtion  with 
him. 

In  the  firft  conjundion  Venus  is  between  the 
fun  and  earth;  this  is  called  the  inferior  conjunc- 
tion. In  the  fecond,  the  fun  is  fituatcd  between 
the  earth  and  Venus ;  this  is  called  the  fupcrior 
conjundlion. 

After  either  of  thefc  conjuniTtions,  Venus  will 
be  feen  to  recede  daily  from  the  fun,  but  never 
departing  beyond  certain  bounds,  never  appear- 
ing oppofite  to  the  fun ;  and  when  Ihc  is  feen  at 
the  greateft  diflance  from  him,  a  line  joiivng 
her  center  with  th.e  center  of  the  earth,  will  be 
a  tangent  to  the  orbit  of  Venus. 

To  illuftrate  this,  I  rak:c  oiFthc  fun  from  it's 
fupport,  and  the  ball  of  Venus  from  it's  fupport- 
ing  ftcm,  and  place  tliis  wire,  (Ji^.  2,  pi.  11,'   lb 

that 
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that  one  part  P  may  be  on  the  ftem  that  fuppoi 
the«earth»  and  a  fimilar  ibcket  (fig.  3,)  on  rhe  pin 
which  fupporta  the  ball  of  Venus  i  the  wire  (F)  is 
to  lie  in  a  notch  at  the  top  of  the  ibcket^  mhich 
has  been  put  upon  the  fuppoiting  item  of  Venui: 
then  will  the  wire  reprefent  a  vifwl  ray  going 
fron^  an  inhabitant  of  the  earth  to  Vefius.  Bf 
turning  the  handle,  you  will  now  find  thai  thQ 
planet  never  departs  further  than  cercnin  limiti 
froni  the  fun^  which  are  called  it's  greateft  ckiii^ 
gationst  when  the  wire  becomes  a  tai^nt  to  tbf 
orbit  I  after  which,  it  api)roachet  the  fitn^  rill  i| 
arrives  at  cither  the  inferior  or  fMperiof  conjuac-i 
tion. 

It  is  alfo  evident  from  the  inftrument^  ihs| 
Vemis^  from  her  fuperior  conjun(^ion^  when  fti 
is  furtheft  frpm  the  earth,  to  the  time  of  hfl 
inferior  conjunAion,  when  (he  is  ne(ireft»  fcts  later 
than  the  fun,  is  feen  after  fun*fet,  nmd  if,  m  % 
were,  the  forerunner  of  night  and  darknefs.  But 
from  the  inferior  conjundtion,  till  Ihe  comes  Vf 
|he  fuperior  one,  fhe  is  always  feen  wellward  of 
the  fun,  and  muft  confequently  fet  before  him  iu 
the  evening,  and  rife  before  him  in  the  morning, 
foretelling  that  light  and  day  arc  at  hand. 

Bring  Venus  and  the  earth  to  the  beginning 
ofAries»  when  they  will  be  in  conjundion;  and 
turn  the  handle  for  nearly  225  days,  and  as  Venus 
moves  fafter  than  the  earth,  flie  will  arrive  at 
Aries,  and  have  finiflicd  her  courfe,  but  will  not 
have  overtaken  the  earth,  who  has  moved  on  in 
the  mean  time ;  and  Venus  mull  go  on  for  fome 
time,  in  order  to  overtake  her.  Therefore,  if 
Venus  Ihould  be  this  day  in  conjun<5):ion  with  the 
fun,  in  the  inferior  part  of  her  orbit,  fhe  will  qa( 
eome  again  to  the  fame  conjundion  till  after  i 
yeai*^  7  months,  and  1 2  days. 

It  is  plain,  by  infpe£lion  of  the  planetSiriuiK 

that* 
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riiat  though  Venus  does  always  keep  nearly  at  the 
fame  dillance  from  the  fun,  yet  fhe  is  continually 
changing  her  didance  from  the  earth  ;  her  diftancc 
is  greateft  when  Ihe  is  in  her  fuperior,  and  leaft 
when  fhe  is  in  her  inferior  conjundion. 

ftf  explain  the  phafes,  the  retrograde^   direfl,  and 
/laiionary  fiiiiations  of  the  planets. 

As  Venus  is  an  opakc  glo^c,  and  only  Ihine* 
by  the  light  ihe  receives  from  the  fun,  that  face 
which  is  turned  towards  the  fun  will  always  be 
bright,  while  the  oppoiice  one  will  be  in  darknels; 
confequently,  if  the  fituation  of  the  earth  be  fuch. 
that  the  dark  fide  of  Venus  be  turned  towards  us, 
ihe  will  then  be  invilible,  except  (lie  appear  like 
a  fpot  on  the  di(k  of  the  fun.  If  her  whole  illu- 
minatcd  face  is  turned  towards  the  earth,  as  it  is 
in  her  fupcrior  conjundion,  flic  appears  of  a  circu- 
lar form,  and  according  to  the  different  pofitionsof 
the  earth  and  Venus,  flie  will  have  different  forms, 
and  appear  with  different  phafcs,  undergoing  the 
fame  changes  of  form  as  the  moon.  Thefe  diiferent 
phafes  are  (ben  very  plain  in  this  inftrumcnt,  as  the 
lideof  the  planet,  which  is  oppolitc  to  the  fun,  is 
blackened ;  fo  that  in  any  polirion,  a  line  drawn 
from  the  earth  to  the  planet,  will  reprefent  that 
part  of  her  di(k  which  is  vifible  to  us. 

The  irregularities  in  the  apparent  motions  of 
the  planets,  is  a  fubjccl  that  this  inftrumcnt  will 
fully  elucidate;  and  the  pupil  will  find  that  they 
are  only  apparent,  taking  their  rife  from  the  fitu- 
ation and  motion  of.  ilic  obfcrvcr.  To  iliunrate 
this,  let  us  fuppofc  the  above-mentioned  wire, 
when  conncdcd  with 
the  vifual  ray  of  an  o' 
then  point  out  how  1 
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in  the  heavem^  and  the  path  (he  appesn  ta  inta 
defcribe  among  the  fixed  ftars. 

Let  Venus  be  placed  near  her  fupcrior  con- 
junAion^  and  the  inftrument  in  nnotion,  the  wire 
will  mark  out  the  apparent  motion  of  Venus  in  the 
ecliptic.  Thus  Venus  will  appear  to  move  eaft* 
ward  intheectiptic>  till  the  wire  becomes  a  tangent 
to  the  orbtt  of  Venus»  in  which  fituation  flie  will 
appear  to  tis  to  be  ftationary^  or  not  to  advance  at 
all  among  the  fixed  ftars ;  a  circumftance  which  is 
exceeding  vifible  and  clear  upon  the  planetarium. 

Continue  turnings  till  Venus  be  in  her  fuperioff 
comun&ion»  and  you  will  find  by  the  wire»  or  vi- 
fual  rayj  that  (he  now  appears  to  move  backward 
in  the  ecliptic^  or  from  eaft  to  wed,  tiU  (he  is  ar- 
rived to  that  part  where  the  vifual  ray  again  be- 
comes a  tangent  to  her  orbit.  In  which  pofitioo> 
Venus  will  again  appear  Aationary  for  fome  time; 
after  which^  (he  will  commence  anew  her  dired 
motion. 

Hence,  when  Venus  is  in  the  fuperior  part  of 
her  orbit>  (he  is  always  fecn  to  move  diredlly,  ac- 
cording to  the  order  oif  the  figns ;  but  when  (lie  is 
in  the  inferior  part^  (he  appears  to  move  in  a  con- 
trary diredion. 

What  has  been  faid  concerning  the  motions 
of  Venus,  is  applicable  to  thofe  of  Mercury;  but 
the  conjunilions  of  Mercury  with  the  fun,  as  well 
as  the  times  of  his  being  dircft,  ftaiionary,orretro- 
gradc»  are  more  frjequent  than  thofe  of  Venus. 

Of  Tttx  SuPEMOR.  Planets,    as  seen  erom  tm 

Earth. 


If  you  extend  your  obfervations  on  the 
mcnt  to  Mirs,  you  will  find  by  the  vifual  ra* 
Mars>  when  in  conjun&ion^  and  when  in 
oa,  will  appearing  the  fame  point  of  the 
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thcr  it  is  fecn  frpm  the  fun  or  the  earth ;  and 
lis  fituation  only  is  it's  real  and  apparent  place 
fame,  becaufc  then  only  the  ray  proceeds  as  if 
.me  from  the  center  of  the  univerfe. 
You  will  find,  that  the  difedl  motion  of  a 
rior  planet  is  fwifter  the  nearer  it  is  to  the 
un(9:ion,  and  flower  when  it  is  nearer  to  qua* 
ure  with  the  fun ;  but  that  the  retrograde  mo- 
of  a  fuperior  planet  is  fwifter  ihe  nearer  it  is 
ppofltion,  and  flower  the  nearer  it  is  to  quadra  } 
;  but  at  the  time  pf  change  from  diredl  to  re- 
rade,  it's  motion  becomes  infenfible. 

rovf  by  the  planetarium  the  truth  of  the  Coper^ 
can,  and  ab/urdity  of  the  Ptolemaic  fyjiem^ 

Of  all  the  prejudices  which  philofophy  c6h- 
idls,  there  is  none  fo  general  as  that  the  eat^h' 
>s  it's  place  unmoved.  This  opinion  feemsf 
z  univerfal,  till  it  is  correded  by  inftrudliony 
f  philofophical  fpeculation.  Thofe  who  have 
:indlure  of  education,  are  not  now  in  danger  of 
g  held  by  it ;  but  yet  they  find  at  firft  a  re- 
mce  to  believe  that  there  are  antipodes,  that 
earth  is  fpherical,  and  turns  round  it's  axis'  . 
y  day,  and  round  the  fun  every  year.  They 
-ccolleft  the  time  when  reafon  Ilruggled  with 
idice  upon  thefc  points,  and  prevailed  at 
th,  but  not  without  Tome  efforts.* 
The  planetarium  gives  ocular  demonftration 
le  morion  of  the  earth  about  the  fun,  by  fhew- 
chat  it  is  thus  only  that  the  celcflial  phenomena 
DC  explained,  and  making  the  abfurdity  of  thr 
emaic  fyftem  evident  to  the  fenrt:^;  of  young 
Vol.  IV.  N  people. 

l^id''  '^'^  yt  on  the  *i  Pow«i*  of  Man* 
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people*  For  this  purpofe^  I  take  ofF  the  brafsba^l 
which  reprcfents  the  i\\n^  and  put  on  a  fmatl  ivorjr 
ball  in  it's  place  to  reprefent  the  earth,  and  place  a 
fmalJ  brafs  ball  for  the  fun,  on  that  arm  which  car- 
ries the  earth. 

The  in  ft  rumen  t  in  this  flate  will  give  an  idt* 
of  the  Ptolemaic  fyftem,  with  the  earth  immove- 
able in  the  center^  and  the  heavenly  bodies  revolv- 
ing about  it  in  the  following  order :  Mercury,  Venu^^ 
ibefun^  Mars,  Jupiter,  and  Saturn.  Now  in  thii 
difpofuion  of  the  planets,  feveral  circumftances 
ar«  to  be  obfcrved,  that  are  contrary  to  the  real  ap*j 
pcarances  of  the  cclcftial  motions^  and  which  there 
fore  prove  the  falfity  of  this  fyftem. 

It  will  appear  from  the  inftrument,  that  Oft" 
this  hypothefis  Mercury  and  Venus  could  never  ba 
feen  to  go  behind  the  fun,  froni  the  earth,  becauft 
the  orbus  ot  both  of  them  are  contained  between 
the  fun  and  ihe  earth  ;  but  thefe  planets  arc  feen  10 
go  as  often  behind  the  fun  as  before  it;  we  mayp 
therefore,  from  hence  conclude,  that  this  fyftem  il 
crrgncousp 

It  is  alfnJ  apparent  in  the  planetarium,  that  oil 
this  fcheme  thefe  planets  might  be  feen  in  Con- 
jundtion  wiih,  or  in  oppofittontothe  fun,  or  at  any 
diftanec  from  il.  But  this  is  contrary  to  experi- 
ence; for  tUcy  are  never  feen  in  oppolition  to  the 
fuHi  or  on  the  meridian  of  London,  for  inftancc, 
at  midnighi,  nor  ever  recede  from  it  beyond  certain 
limits. 

Again^on  the  Ptolemaic  fyllcm  all  the  planeti 
would  be  at  an  equal  di fiance  from  the  earth, 
all  parts  of  their  orbits,  and  w^ould  therefore  n^ 
ceQarily  appear  always  of  the  fame  magnitude,  z\ 
moving  with  equal  and  uniform  velocities  "" 
dircdion;  circumilances  which  are  kno 
fcpugnant  to  dbfcrvatioaand  experience- 
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^iJify  the  planetarium^    or  place  the  planets  in^ 
tbcir  true  fituat  ions  ^    as  feen  from  the  fun. 

The  fituations  of  the  planets  in  the  heavens 
ccurately  calculated  by  aftronomers,  and  pub- 
i  in  almanacks  appropriated  to  the  purpofe^ 
e  nautical  almanack.  White's  ephemeris,  &c. 
phcmeris  is  a  diary  or  daily  regifter  of  the 
ons  and  places  of  the  heavenly  bodies,  fhew- 
he  fituacion  of  each  planet  at  12  o'clock  each 
Thefe  fituations  it  exhibits  both  as  feen  from 
un,  and  from  the  earth  ;  but  as  the  former  or 
leliocentric  is  the  only  one  of  any  ufe  for  this 
ofe,  I  {hall  here  explain  fo  much  of  that  part 
f r.  White's  ephemeris,  as  will  enable  you  to 
fy  the  planetarium. 


sea 

Length 
of  Day 

1448 
•5     \ 

»5  44 
i6    0 

Hdioc. 
l»ng. 

b 

a7K35 
a7    47 

%l    59 
28     11 
28     23 

Helioc. 
long. 

% 

2  42 

3  0 

3  37 

4  5 

Hchoc. 
long. 

6 

Helioc. 
long, 

e 

Helioc. 

Hello 
long. 

5 

4 

24 

44 

0 
10 

27rrpi6 

29    57 
2:^39 

5     ^0 
8      3 

iinii4 
17     2 

21     5« 

28    36 
4^22 

7    37 

7Vf  7 

16    36 

iO«8 
a6n53 
ZQ.  4 
4'!?«5 
o&  0 

In  the  foregoing  table  for  May,  1790,  you 
the  heliocentric  places  calculated  to  every 
layS'Of  the  month,  which  is  fufficiently  accu- 
for  general  purpofes.  Thus  on  the  19th, 
have  Saturn  in  28^  11'  of  Pifces,  Jupiter  3^ 
>f  Virgo,  Mars  in  5^  20'  of  Libra,  the  earth 
36'  of  Virgo,  Venus  7*^  7' of  Capricorn,  and 
:ury  4*^  ij'  of  Virgo*  ro  which  places  un  the 
itic  of  the  planctarujoi,  the  ievcral  planets 
0  be  fct,  and  th| 
rions,  both  v.  ic! 
\  lor  tbat  day 


fix  exhibit  their  real 
the  i\^Vi  ajid   the 


ra 
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To  life  the  injlrnment  as  a  tellurian^  plate  I2tfil* '" 

The  fun,  the  earth,  and  the  moon^  arc  bodio^ 
which,  from  our  connedlion  with  them^  arefoin- 
tcrefting  to  us,  that  it  is  ncceflary  to  enter  ii 
^  minute  detail  of  their  refpedtive  phenomena* 
To  render  this  inftrument  a  tellurian,  all  the  pla- 
nets are  firft  to  be  taken  off,  the  piece  of  whcd* 
work  A  B  is  to  be  placed  on  in  their  ftead,  ill 
fuch  a  manner,  that  the  wheel  c  may  fall  into 
the  teeth  that  are  cut  upon  the  edge  of  the  cclip- 
tic.  The  milled  nut  D  is  then  to  be  fcrcwed  o^ 
to  keep  the  wheel- work  firmly  in  it'^  place.  It 
is  bell  to  place  this  wheel-work  in  fuch  a  manner, 
that  the  index  E  may  point  to  the  21ft  of  June, 
and  then  to  move  the  globe,  fo  that  the  north  prfc 
may  be  turned  towards  the  fun.  i 

The  inftrument  will  then  Ihew,  in  an  accuittej 
and  clear  manner,  all  the  phenomena  ariiing  f^tml^ 
the  annual  and  diurnal  motion  of  the  ciarth:  ai 
the  globe  is  of  3  inches  diameter,  all  the  conti* 
ncnts,  feas,  kingdoms,  &c.  may  be  diftinSly  fccn; 
the  equator,  the  ecliptic,  tropics,  and  other  circles, 
are  very  vilible,  fo  that  the  problems  relative  to 
peculiar  places,  may  be  fatisfartorily  folved.  The 
axis  of  the  earth  is  inclined  to  the  ecliptic  in  an 
angle  of  66a.  degrees,  and  preferves  it's  parallel- 
ifm  during  the  whole  of  it's  revolution.  About 
the  globe  there  is  a  circle,  to  reprefent  the  termi^ 
nxitor^  or  boundary  between  light  and  darknefs,  di- 
viding the  enlightened  from  the  dark  hemifphefe. 
At  N  O  is  an  hour  circle,  to  determine  the  time 
of  fun  riling  or  fetting. 

The  brafs  index  G  rcprefents  a  central  folar 
ray ;  it  fervcs  to  (hew  when  it  is  noon^-  or  whcft 
the  fun  is  upon  the  meridian  at  any  given  place: 
it  alfo  (hews  what  fign  and  degree  of  the  ecliptic 
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on  the  globe  the  fun  defcribcs  on  any  day,  and  the 
parallel  it  defcribes. 

The  plane  of  the  terminator  H  I  pafles 
through  the  center  of  the  earth,  and  is  perpen- 
dicular to  the  central  folar  ray.  The  index  E  points 
out  the  fun's  place  in  the  ecliptic  of  the  inftrument 
for  any  given  day  in  the  year, 

^0  txpiain  the  changes  -ofje-afons  ly  the  tellurian. 

The  firft  thing  to  be  done,  is  to  reftify  the 
tellurian;  or  in  other  words,  to  put  the  globe 
into  a  poiition  fimilar  to  that  of  the  earth,  for 
any  given  day.  Thus  to  reftify  the  tellurian  for 
the  21  ft  of  June,  turn  the  handle  till  the  annual 
index  comes  to  the  given  day;  then  move  the 
globe  by  the  arm  K  L,  fo  that  the  north  pole 
may  be  turned  towards  the  fun;  and  adjuft  the 
terminator,  fo  that  it  may  juft  touch  the  edge  of 
the  arftic  circle.  The  globe  is  then  in  the  licua- 
tion  of  the  earth  for  the  longcft  day  in  our  north- 
ern hemifphere,  the  annual  index  pointing  to  the 
firft  point  of  Cancer  and  the  2itt  of  June;  bring 
the  meridian  of  London  to  coincide  with  the  cen- 
tral folar  ray,  and  move  the  hour  circle  N  O,  till 
the  index  L  points  to  XII:  we  then  have  the 
fituation  of  London  with  rcfpecl  to  the  longcft 
day.' 

Now  on  gently  turning  the  handle  of  the 
machine,  the  point  rcprcfenting  London  will,  by 
th*  rotation  ot  the  earth,  be  carried  away  to\\  :irds 
the  caft,  while  the  fun  feems  to  move  wcftwnrd  ; 
and  when  London  has  arrived  at  the  caltern  part 
x)f  the  terminator^  the  index  will  point  on  the 
hour  circle  the  ti  ^f  fun- fet  ting  for  that  day; 
continue  to  tur  'id   London   will  move  in 

xhe  fliaded  part  th,  oa  the  other  tide  ot 

-I  th« 
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the  terminator ;  when  the  ifidex  is'^^gtinait  '9^»i( 
h  midnight  at  London;  by  fnoviQg  jpn^  SluQwlill 
will  emerge  from  the  weftem  , fide  of  tpcternii- 
.nator,  and  the  index  wt)l  point  -out  'this  ftii^eillf 
fun-rifing^  the  fun  at  that  iqiftant  •appcuM^  ftp 
rife  above  the  horizon  in  the  eaftj^co  s|fi  ii|lMb&tMC 
of  London. 

It  will  be  evident  by  the  inftrument^  while  in 
this  pofition«  that  the  central  folar  fisky^  jdMWK 
the  whole  revolution  of  the  earth  on  it's  uis,  <mlf 
.points  to  the  tropic  of  Cancer.  4nd  fh^C  iNie  faa^ 
U  vertical  to  no  other  part  of  thCffOsurth,  |»|tilteCs 
which  are  under  thi?  tropic. 

By  obferving  how  the  termi  nator  -cu^t  if  he  ?ftr 
yeral  parallels  of  the  globe,^  we  (hall  fkidrttetillH 
thofe  between  the  northern  and  fouf hem  y|M)hf 
circles  (except  the  equator)  aredivickfl  uflei|^la||^ 
into  diurnal  and  nodurnal  arches^  the. formed  beiq| 
greateft  on  the  north  fide  of -the  equfttofj  and-.thc 
Jattcron  the  fouth  fide  of  it. 

In  this  pofition^  the  northern  polar  circle  is 
wholly  on  that  fide  the  terminator  which  is  near* 
eft  the  fun,  and  therefore  altogether  in  the  en- 
lightened hemifphere,  and  the  inhabitants  thereof 
Cfijoy  a  continual  day.  In  the  fame  manner^  the 
inhabitants  of  the  fouthern  polar  circle  continue 
in  the  dark  at  this  time,  j[iotwithnanding  the  di- 
urnal revolution  of  the  earth;  it  is  the  annusd 
motion  only  which  can  relieve  them  from  this 
iituation  of  perpetual  darkncfs,  and  bring  to  them 
the  blcdings  of  day,  and  the  enjoyment^  of  fum«* 
mer;  while  in  this  ftate  the  inhabitants  in. north 
-^ latitude  are  ncareft  to  the  central  folar  ray,  and' 
confcqucntly  to  the  fun's  perpendicular  bcani^ 
and  of  courfc  a  greater  number  of  his  rays  MP 
.fall  upon  any  given  place,  than  at  any -other  (iiMS|' ' 
the  funV 
.qyant 


in's   rays  da  now  alfo   pafs   throiigh  «  kp 
iiy  of  the  cmhofphcre,  which,  together  w 
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the  lei^th  of  the  day^  and  the  ihortnefs  of  the 
nighty  are  the  reafons  of  the  increafeof  the  heat 
b  fummefs  together  with  all  it's  other  delightful 
dHFcfta;  the  feafon  when  the  Lord  pours  forth  his 
bkEings  upon  every  living  creature  in  the  grcateft 
abundance. 

While  the  earth  continues  to  turn  round  on 
it*i  own  axis  once  a  day^  it  is  continually  ad- 
mmcing  from  weft  to  eafts  according  to  the  order 
idf  the .  figns^  as  is  feen  by  the  progrefs  of  the 
annual  index  i£»  which  points  fucccmvely  to  all 
the.figns  and  degrees  of  the  ecliptic ;  the  fun  in 
the  mean  time  feems  to  defcribc  the  ecliptic  aIfo» 
lading  from  weft  to  eaft,  at  the  diftancc  of  ilx 
!2gns  ^lom  the  earth;  that  is^  when  the  earth 
iolly  fets  out  from  the  firft  point  of  Capricorn, 
the  fun  feems  to  fet  out  from  the  firft  point  of 
£ancer»  aa  is  plain  in  the  index. 

But  as  during  the  annual  revolution  of  the 
earths  the  axis  always  remains  parallel  to  itfelf^ 
the.fituajtion  of  this  axis»  with  refpedl  to  the  fuo^ 
jnuft  be  continually  changing. 

As  the  earth  moves  on  in  the  ecliptic,  the 
northern  .polar  circle  gets  gradually  under  the 
terminator;  fo  that  when  the  earth  is  arrived  at 
die  firft  point  of  Aries,  and  the  annual  index  is 
at  the  firft  point  of  Libra  on  the  2 2d  of  Septem- 
ber, this  circle  is  divided  into  two  equal  parts  by 
the  terminator,  as  is  alfo  every  other  parallel  cir- 
cle, and  confequently  the  diurnal  and  nodurnai 
arches  are  equal;  this  is  called  the  time  of  equinox, 
the  days  and  nights  are  then  equal  all  over  the 
the  earth,  being  each  of  them  1 2  hours  long,  as 
vill  be  feen  by  the  horary  index  L.  The  centra^ 
folar  ray  G  having  fucceffively  pointed  to  all  the 
parallels  that  may  be  fuppofed  to  be  between  the 
equator  and  the  tropic  of  CauQcr,  is  at  this  pe^ 
,     N4     •  riod 
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riod  perpendicular  to  the  inhabitants  diatliYett 
the  equator. 

By  continuing  to  turn  the  handle^  the  audi 
advances  in  the  ecliptic^  and  the  'terminalof 
ihews  how  the  days  are  continually '  decfcmdni^ 
and  the  diurnal  arches  fliorteaing,  tilVhfdeg^ 
the  whole  fpace  contained  by  the  noithcni  pc^ 
circle  is  on  that  fide  of  the  terminator  which  ii 
oppofite  to  the  fun^  which  happens  when'lhe 
earth  is  got  to  the  firfl  point  of  Cancer^  ud  the 
annual  index  is  at  the  firft  point  of  Capricorn^  oo 
the  2ift  of  December.  In  this  (late  ot  the  f^dbc^ 
the  northern  polar  circle^  and  all  the  country 
inrithin  that  fpace,  have  no  day  at  all;  iirhilft  tiw 
inhabitants  tnat  live  within  the  foutliern  ppbur 
circle^  being  on  that  fide  of  the  terminator  .irfi(^ 
is  next  the  fun^  enjoy  perpetual  day.'  Bf  *  di 
and  the  former  fituation  of  the  earthy  yo|i  iriO 
pbferve,  that  thete  are  nations  to  whom  a*  |^ 
portion  of  the  year  is  darknefs^  whoarecondeimi- 
>ed  to  pafs  weeks  and  months  without  the  benign 
influence  of  the  folar  rays.  The  central  folar  ny 
is  now  perpendicular  to  the  tropic  of  Capricorn; 
the  length  of  the  days  is  inverfely  what  it  was  when 
the  fun  entered  Cancer,  the  days  being  now  at 
their  fhorteft,  and  the  nights  longed  in  the  north- 
ern hemifphere ;  the  length  of  each  is  pointed  out 
by  the  horary  index.  '  « 

The  earth  being  again  carried  on  till  it  enters 
Libra,  and  the  fun  Aries,  we  fliall  again  have  all 
the  phenomena  of  the  equinodlial  feafons.  The 
terminator  will  divide  all  the  parallels  into 
two  equal  parts;  the  poles  will  again  be  in  tlw 
■plane  of  the  terminator;  and  coniequcntly  as  the 
globe  revolves,  every  place  from  pole  to  pole  wift 
defcribe  an  equal  arch  in  the  enlightened  wA 
bbfcurc  hemifpheres,  entering  into  and  going 
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lof  each  cxaftly  at  fix  o'clock,  as  fhewn  by  the 
tour  index. 

As  the  earth  advances,  more  of  the  northern 
poku:  circle  comes  into  '  the  illuminated  hernia 
j|riiere,  and  confequently  the  days-  increafe  with 
M,  while  thofe  on  the  other  fide  of  the  equator 
dccreafe,  till  the  earth  arrives  ar  the  firft  point 
of  Capricorn,  the  place  from  which  we  firft  be* 
gan  to  make  our  observations. 

yi  explain  the  phenomena^  that  take  place  in  wbai 
is  called  a  parallel,  direSf,  and  right  Jphere. 

Take  off  the  globe  and  it*s  terminator,  and 
put  f>n  in  it's  place  the  globe  which  accompanies 
^  inffarument,  and  which  is  furnifhed  with  a 
iiic!ridian,  horizon,  and  quadrant  of  altitude;  the 
edge  of  the  horizon  is  graduated  from  the  eaft  and 
¥dt,  to  the  north  and  fouth  points,  and  within 
thcfe  divifions  are  the  points  of  the  compafs  to  the 
juider  fi3e  of  this  horizon ;  but  at  1 8  degrees  from 
it  another  circle  is  affixed,  to  reprefent  the  twilight 
circle;  the  meridian  is  graduated  like  the  meri- 
dian of  a  globe ;  the  quadrant  of  altitude  is  di- 
vided into  degrees,  beginning  at  the  zenith,  and 
finifhing  at  the  horizon. 

This  globe,  if  the  horizon  be  differently  fet 
with  refpeft  to  the  folar  ray,  will  exhibit  the 
various  phenomena  arifing  from  the  fituation  of 
the  hoHzon  with  refpedt  to  the  fun,  either  in 
a  right,  a  parallel,  or  an  oblique  fphere;  or  hav- 
ing fet  the  horizon  to  any  place,  you  will  fee  by 
.  the  central  folar  ray  how  long  the  fun  is  above 
jor  below  the  horizon  of  that  place,  and  at  what 
point  of  the  compafs' he  lifcs,  his  meridian  alti- 
tude, and  many  other  curious  particulars,  of  which 
JVC  Ihall  give  a  few  examples. 

Set 
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'  Set  the  korizon  to  coincide  wjch  die  ttrntOTt 
and  place  the  earth  in  the  firft  point -jof  Xibft; 
then- will' the  globe  be  in  the  poiiti0fi«fr«j|iuaUd 
fphere^  >and  of  the  inbabirancs  of  t^  ffaUs»atchai  . 
leaibn  of  the  year,  ^hich  inhabitants  \«fe  rmiv- 
•limctd  by  the  pin  at  the;  upper  part  eftho^mirwif 
j»f  altitude ;  the  handle  being  turned  MdnaiigmAi, 
Xhc  earth  will  revolve  ypon  it's  axu«.«idtt^;fidKr 
fay  will  coincide  with  the  horizbq.  >wiffhou&d«vi*- 
ating  in  the  Icail  to  the  north  or  fouth ;  (hewing, 
fhaiton  the  21  (I  of  March  the  fun  does  ciorappcar^ 
rife  or  fet.to  /the  terreftrial  poles,  but  pafl^  npund 
through  all  the  points  of  the  compafs,  the  plane  of 
fthe  horizon  bife^ling  the  fun's  diik. 

Now  plaee  the  horizon,  fo  that  it  maycoin* 
«ude  widli  the  pfiries,  and  the  pin  reprefeatiiyetn-in- 
•^tabitantbeover  the  equator,  the  globe?  in  this  7^ 
^tion;is  faid  to  be  in  that  of  a  right  fpherc ;  .dK 
^equator,  and  all  the  parallels  of  Taticudettart.at 
«iright  angles,  or  perpendicular?  to  the  horizon  11^ 
,]turnii>g  the  handle  till  the  egrth  has  completed  a 
^ear,  or  one  revolution  about  the  fun,  we  (hall 
.perceive  all  the  folar  phenomena  as  they  happen 
to  an  inhabitant  of  the  equator,  which  are,  i. 
That  the  fun  rifcs  at  fix,  and  (j^ts  at  lix,  through- 
out the  year,  fo  that  the  days  and  nights  there. are 
perpetually  equal.  2.  That  on  the  21ft  of  March, 
and  22d  pf  September,  the  fun  is  in  the  zenith, 
•or  exadly  over  the  heads  of  the  inhabitants.  3. 
That  one  half  of  the  year  between  .March  and 
September,  the  fun  is  every  day  full  north,  -ftnd 
tjie  other  half  between  September  and  March,  CI 
•full  fouth  of  the  equator,  his  meridian  altitude 
being  never  lefs  than  66i  degrees.  .^ 

If  the  pin  reprcfentingan  inhabitant  be  Mf-  •; 

.removed  out  of  the   equator,  and    fee   upon  J     ""  ; 

plate  between   it  and  the  poles,  the  horizon  \         i 

ftpt  then  pafs  through  cither  of  the  poles,  nor  <        ' 
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incide  with  the  equator,  but  cut  it  obliquely,  one 
ialf  being  above,  the  other  half  below  the  horizon; 
the  globe  in  this  ftate  is  faid  to  be  in  that  of  an 
loblique  fpherc,  of  which  there  are  as  many  va- 
rieties as  there' are  places  between  the  equator  antj 

•both  poles.  But  one  example  will  be  fuflScic^ntj; 
for  whatever  appearance  happens  to  one  place,  the 
bvnc,  as  to  kind,  happens  to  every  other  place^ 
difiering  only  in  degree,  as  the  latitujles  differ. 
%ing  the  pin,  therefore,  over  London,  then  will 
die  horizon  reprefent  the  horizon  of  London,  an4 
in  one  revolution  of  the  earth  round  the  fun,  we 
•fl»ll  have  all  the  folar  appearances  through  the 
four  feafons  clearly  exhibited,  as  they  really  arfc 
•in  nature ;  that  is,  the  earth  (landing  at  the  firft 
dqgrec  of  Libra,  and  the  fun  then  entering  into 
Aries,  the  meridian  turned  to  the  folar  ray,  and 
the  hour  index  fet  to  XII,  you  will  then  have  the 
ebbe  (landing  in  the  farhe  j^ofition  towards  the 

•  lun,  as  our  earth  does  at  noon  on  the  21  (I  of 
March.  'If  the  handle  be  turned  round,  when  the 
fclar  ray  comes  to  the  \icftern  edge  of  the  horizon, 
the  hour  index  will  point  VI,  which  (hews  the 
lime  of  fun-fetting;  London  then  palTes  into,  and 
continues  in  darkncfs,  till  the  hour  index  having 
pafled  over  XII  hours,  comes  again  to  VI,  at  which 
time  the  folar  ray  gains  the  eaftern  edge  of  the 
honzon,  thereby  defining  the  time  of  fun-ri(ing ; 
fix  hours  afterwards  the  meridian  again  comes  to 
thc'fohir  ray,  and  the  hour  index  points  to  XII, 
thereby  evidently  demonftrating  the  equality  of 
|hc  day  and  night,  when  the  fun  is  in  the  equi^ 
nodial.  You  may  then  alfo  obfcrve,  that  the  fun 
rifes  due  eaft,  and  fets  due  well. 

Continuing  to  move  the  handle,  you  will  find 
that  the  folar  ray  declines  from  the  equator  to- 
wards the  north,  and  every  day  at  noon  rifes  higlier 
ppon  the  graduations  of  the  meridian  than  it  dii} 

before. 
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before^  continually  approaching  to  L^iidoab  the 
days  at  the  fame  time  growing  longer  and  Iw^^ 
and  the  fun  rifing  and  fetting  more  and  more  tn^ 
wards  the  north»  till  the  a  ill  of  JuHe^  when  the 
earth  gets  into  the  firft  degree  of  Capriconv  and 
she  fun  appears  in  the  tropic  of  CMmccr,  rifing 
about  40  minutes  pafl  3  in  the  momiag^  iod  fit- 
ting about  20  minutes  pad  8  in  the  eveniiigt  and 
ajfter  continuing  about  feven  hours  in  the  nether 
liemifphere^  appears  rifmg  in  the  north-eaft,  ai 
iiefore.  From  the  21ft  of  June  to  the  22d  pfSt^ 
tember,  the  fun  recedes  to  the  fouthj  and  the  dap 
gradually  decreafe  to  the  autumnal  equinox^  whca 
•they  again  become  equal. 

During  the  three  fuccceding  months^  the  fun 
.continues  to  decline  towards  the  fouth  pole,  till 
the  2 1  ft  of  December,  i^hen  the  fun  enters  the 
tropic  of  Capricorn,  rifmg  on  the  fouth-eaft  point 
of  the  compafs  about  20  minutes  paft  8  in  die 
Ttioming^  and  fetting  about  40  minutes  paft  3  in 
the  evening,  at  the  foiith-weft  point  upon  the  ho- 
rizon ;  after  which,  the  fun  continues  in  the  dark 
liemifphere  for  17  hours,  and  then  appears  again 
in  the  fouth-eaft,  as  before.  From  this  chill  fol- 
fticc  the  fun  returns  towards  the  north,  and  the 
days  continually  increafe  in  length  till  the  vernal 
equinox^  when  all  things  arc  reitored  in  the  fame 
order  as  at  the  beginning. 

Thus  all  the  variecies  of  the  fcafons,  the  time 
of  fuQ  rifing  and  fetting,  and  ac  what  point  of  the 
compafs  ;  as  alfo  the  meridian  altitude  and  decli- 
jiation  every  day  of  the  year,  and  duration  of  t|  " 
light,  and  to  what  place  the  fun  is  at  anj 
vertical,  are  fully  exemplified  by  this 
it's  apparatus. 

Before  wc  quit  the   phenomena 
arifing  from  the  motion  and  pofition 
let  the  glpbe^  with   the  meridian  and 
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removed,  and  the  ivory  ball  which  fits  upon  a  pin 
be  plactd  thereon,  to  reprefent  the  earth. 

As  the  axis  of  this  globe  (lands  perpendicular 
to  the  plane  of  the  ecliptic,  you  will  find  that  the 
folar  ray  continually  points  to  the  equator  of  this 
little  ball,  and  will  never  deviate  to  the  north  or 
fouth  ;  though  by  turning  the  handle,  the  ball  is 
made  to  complete  a  revolution  round  the  fun.  This 
ihews  that  the  earth  in  this  pofition  would  have  the 
days  and  nights  equal  in  every  part  of  the  globe,  all 
the  year  long;  there  would  have  been  no  diiFe^ 
rcnce  in  the  climates  of  the  earth,  no  diftindionof 
feafons  ;  an  eternal  fummer,  or  never-ccafing  wiju- 
tci-,  would  have  been  our  portion ;  an  unvari^ 
iamenefs  that  would  have  limited  inquiry,  and  fa* 
ciated  curiofity ;  and  that  the  variety  of  the  fea- 
fons is  owing  to  it's  axis  being  inclined  to  the 
plane  of  it's  orbit. 

Of  the  Lunarium,  Fiq.  2,  Plats  xu. 

Having  thus  illuftrated  the  phenomena,  which 
arifc  particularly  from  the  inclination  of  theearth's 
axis  to  the  plane  of  the  ecliptic,  from  it's  rotation 
round  it's  axis,  and  revolucion  round  the  fun  ;  we 
now  proceed  to  explain,  by  this  inftrument,  the 
phenomena  of  the  moon,  liut  in  order  to  this,  it 
wili  be  neceflary  to  fpeak  firft  of  the  inftrument, 
which  is  put  inmotion  like  the  preceding  one,  by 
the  teeth  on  the  fixed  wheel ;  it  is  alfo  to  be  pla- 
ced upon  the  fantc  fockci  a<  the  rcllui  un,  and  con- 
Rned  down  by  rlie  fame  miJIcd  nut. 
^k      The     Uopi:;  reprefents     the 

PIfie  of  the  mo  :.'  ^^uh    round  the 

fo  th.^^  ,^H|l£Lon   round 

je  plane  of 

the  twy 

by    the 

Waj> 
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brafi  wire,  are  the  nodes,  one  of  which  is  mariccd 
il,  for  the  afcending  node,  the  other  U  for  the 
defcending  node.  The  moon  is  therefore  fimie* 
times  on  the  north,  and.  fometimes  on  the  fboth 
iide  of  the  ecliptic,  which  deviations  fnmr  tik 
ecliptic  are  called  her  north  or  fouth- latitude;  her 
greatcft  delation,  which  is  when  flic  is  at  her 
higheft  and  loweft  points,  called  her  limits^  is  5 
deg..  1 8  min. ;  this,  with  all  the  other  intermediate 
degrees  of  latitude,  are  engraved  on  this  rii^  b&> 

fanning  at  the  nodes,   ind  numbered  ^bothwajs 
rom  them.    At  each  of  the  nodes,  and  at  about 

18  degrees  diftant  from  them,  we  find  this  markQ^ 
and  at  about  22  degrees  this  D,  to  indicate  that 
when  the  full  moon  is  got  as  far  from  the  nodes  as 
the  mark  >',  there  can  be  no  cclipfe  of  the  moon; 
nor  any  ecliirfe  of  the  fun,  when  the  new  moon 
has  pafled  the  mark  ©;  thefe  points  are  genendly 
termed  the  limits  of  cclipfcs.  The  nodes  of  the 
moon  do  not  remain  fixed  at  the  fame  point  of  the 
ecliptic,  but  have  a  motion  contrary  to  the  order 
of  the  ligns. 

T  V  is  a  fmall  circle  parallel  to  the  ecliptic  ; 
it  is  divided  into  12  ligns,  and  each  lign  into  30 
degrees;  this  circle  is  moveable  in  it's  focket, and 
is  to  be  fet  by  hand,  fo  that  the  fame  lign  may  be 
oppofitc  to  the  fun,  that  is  marked  out  by  the  an- 
nual index.  Thefe  iigns  always  keep  parallel  to 
themfclves,  as  they  go  round  the  fun,  but  the  io* 
clincd  plane  with  it's  nodes  go  backwards.  To  that 
each  node  recedes  thro'  all  the  above  figns  in  about 

19  years.     R  S  is  a  circle,    on  which  are  divi'  ^ 
the   days  of  the  moon's   age  ;  X  Y  is  an  dP 
to  rcprefent  the  moon's  elliptical  orbit,  thi 
motion  of  the  apogee,  or  the  line  of  the 
with  the   fituation  of  the  elliptical  orbit 
moon,  and  place  of  the  apogee  in  the*ec 

"  times. 
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9i  reUify  the  lunarinm^ 

-Set  the  annual  index  on  the  large  ecliptic  t(^ 
the  firft  ,of  Capf icorn  ;  then  turn  the  plate,  with 
the  nioon*£  figns  upon  it,  until  the  beginning  of 
Capricorn  points -diredtly  to  the  fun;  turn  the 
handle  till  the  annual  index  comes  to  the  fir  ft  of 
J^iuiary  ;  then  find  the  place  of  the  north  node  in 
aA  ephemeris,  to  which  place  among  the  moon'g 
ilgns,  fet  the  north  node  of  her  inclined  orbit, 
by  turning  it  till  it  is  in  it's  proper  place  in  the 
circle  of;  figns  ;.  fct  the  moon  to  the  day   of  her 

General   Phenomena  of  the  Moon, 

Having  re<9:ified  the  lunarium  for  ufe,  oa 
putting  it  into  motion  it  will  be  evident, 

I.  That  the  moon,  by  the  mechanifmof  thein-.^ 
ilrument,  always  moves  in  an  orbit  inclined  to  thar 
pf  the  ecliptic,  and  confequently  in  an  orbit  analo- 
gous to  that  in  which  the  moon  moves  in  the 
heavens. 

2.  That  (he  moves  from  weft  to  eaft. 

3.  That  the  white  or  illuminated  face  of  the 
ooon.is  always  turned  towards  the  fun. 

4.  That  the  nodes  have  a  revolution  contrary 
to  the  order  of  the  figns,  that  is,  from  Aries  to 
Pifces;  that  this  revolution  is  performed  in  abouc 
nineteen  ycarsj   as  in  nature.  ^ 

5.  That  the  moon's  rotation  upon  her  axis  is 
efFedted and  completed  in  abn:r  i;  v^hercas 
ic  ii>  29^  dayj*  Ucm  one  ^.  %  widi  the 
fun  CO  the  nc^t  

rncd  to 


%^2        Lectures  on  Natural  Philosofht, 

To  be  more  particular.  On  turning  the  hao« 
die,  you  will  obfervc  another  motion  of  the  earth, 
•which  has  not  yet  been  fpoken  of,  namely,  it'i 
monthly  motion  about  the  common  center  of  gravity 
between  the  earth  and  moon,  which  center  of 
gravity  is  reprefented  by  the  pin  Z.  From  hence 
we  learn,  that  it  is  not  the  center  of  the  earth 
which  decribes  what  is  called  the  annual  orbit, 
but  ^he  center  of  gravity  between  the  earth  and 
moon,  and  that  the  earth  has  an  irregular,  ver* 
micular,  or  fpiral  motion  about  this  center,  fa 
that  it  is  every  month  at  one  time  nearer  to,  at 
another  further  from  the  fun.  It  is  evident  from 
the  inftrumcnt,  that  the  moon  does  not  regardthe 
center  of  the  earth,  but  the  center  of  gravity,  as 
the  center  of  her  proper  motion;  that  the  center 
of  the  earth  is  furtheft  from  the  fun  at  new  moon, 
and  ncareft  at  the  full  moon ;  that  in  the  quadra- 
tures the  monthly  parallax  of  the  earth  is  fo  fen- 
fible,  as  to  require  a  particular  equation  in  aftro- 
nornical  tables.  Thelc  particulars  were  firfl  ap- 
plied to  the  orrery,  by  the  late  ingenious-  Mr. 
Benjamin  Martin. 

79  e:<p!t:in  the  phiifcs  of  the  moon^ 

The  moon  aflhmcs  difiirent  phafes  to  us,  i. 
on  account  of  her  globular  figure;  2.  on  account 
of  the  motion  in  her  orbit,  between  the  earth  and 
the  fun:  Tor  v. henevtr  the  moon  is  between  the 
earth  and  the  fun,  we  call  it  new  moon,  the  en- 
lightened part  being  then  turned  from  us;  but 
when  the  earth  is  between  the  fun  and  the  moon,r^ 
wc  then  call  it  full  moon,  the  whole  of  the  enlighc-'  j 
cngd  part  being  then  turned  towards  us.  tJi 

The  phafes  of  the  moon  arc  clearly  exhib 
in  this  inllrument ;  for  here  wc  fee  that  half' 
is  oppofite  to  the  lun  is    '        ^  dark,   wh 
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hich  is  ncKt  to  the  fun  is  whitc^  to  repfefent 
iliuminatcd  pirr.  Thus  when  it  is  new  mooni 
will  fee  the  whole  white  part  next  the  fun^ 
the  dark  pan  turned  towards  the  earth,  fliew- 
iflg  thereby  it*s  difappcarance,  or  the  time  of  iV$ 
conjunction  and  change :  on  turning  the  handle, 
ffmall  portion  of  the  white  part  will  begin  to  be 
*  n  from  the  earth,  which  portion  will  increale 
fwards  the  end  of  the  7th  day,  when  you  will 
perceive  that  half  of  the  light,  and  hall'  of  the 
dark  fide,  is  turned  towards  the  earth,  thus  illuf- 
irating  the  appearance  of  the  moon  at  the  firft 
uartcr.  From  hence  the  light  fide  will  continually 
w  itfelf  more  and  more  in  a  gibbous  form,  till 
tlic  end  of  fourteen  days  the  whole  white  fide 
Uill  be  turned  tow!irds  the  earth,  and  the  dark 
e  from  it,  the  earth  now  Handing  in  a  line  be- 
cen  the  fun  and  moon  ;  and  thus  the  inftrument 
plains  the  oppofition,  or  full  moon.  On  turn- 
ig  the  handle  again,  fomc  of  the  fiiaded  part 
ill  begin  to  turn  towards  the  earth,  and  the  w  hite 
fide  to  turn  away  from  it,  decreafing  in  a  gibbous 
fomi  till  the  laft  quarter,  when  the  moon  will  ap- 
r  again  as  a  crefcent,  which  flie  prefcrvcs  till 
has  attained  another  conjundion. 
In  this  lunarium  the  moon  has  alw^ays  the 
mc  face  or  fide  to  the  earth,  as  is  evident  from 
|he  fpots  delineated  on  the  furfacc  of  the  ivory 
11,  revolving  about  it's  axis  in  the  courfe  of 
iC  revolution  round  the  earth;  in  confequence 
t  which,  the  light  and  dark  parts  of  the  moon 
Ippear  permanent  to  us,  and  the  phafes  are  Ihevvn 
they  appear  m  the  heavens. 

As  the  earth  turns  round   it's  axis  once  in 
.  hours,    it    muft   in   that    time   exhibit   every 
rt  of   it's    furface    to    the    inhabitants   of    the 
^oon,  and  therefore  it's  luminous  and  opakc  parts 
Vol*  IV.  O  will 


\ 
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in  the  ecliptic,  then  turn  the  handle,  and  when 
the  moon  has  got  to  the  fame  point  in  the  eclip- 
tic, you  will  fee  that  the  dial  fliews  27-}  days, 
and  the  moon  has  finillied  her  periodic^ revolution. 
But  the  earth  at  the  fame  time  having  advanced 
-in  it's  annual  path  about  27  degrees  of  the  eclip- 
tic, the  moon  will  not  have  got  round  in  a  direcfl 
line  with  the  fun,  but  will  require  28  days  and 
4  hours  more,  to  bring  it  into  conjundlion  with 
the  fun  again. 

Qf  Eclipses  of  the  Sun  and  Moon. 

There  is  nothing  in  aftronomy  more  worthy 
of  our  contemplation,  nor  any  thing  more  fub- 
limc  in  natural  knowledge,  than  rightly  to  com- 
prehend thofe  fudden  objurations  ofthe  heavenly 
bodies,  that  are  termed  eclipfes,  and  the  accuracy 
with  which  they  are  now  foretold.  *'  One  of  the 
chief  advantages  derived  by  the  prefent  generation 
from  the  improvement  and  diffufion  of  philofophy, 
is  delivery  from  unneceffary  terror,  and  exemp- 
tion from  falfe  alarms.  The  unufual  appearances, 
whether  regular  or  accidental,  which  once  fpread 
confternation  over  ages  of  ignorance,  are  now  the 
recreations  of  inquilitive  fccurity.  The  fun  is  no 
more  lamented  when  it  is  cclipfed,  than  when  it 
fets;  and  meteors  play  their  corufcations  without 
prognoftic  or  prediction." 

We  have  already  obKrvcd,  that  the  fun  is  the 
only  real  luminary  in  the  folur  fytlcni,  and  that 
none  of  the  other  plimcts  emit  any  light  hut  what 
they  have jM|i|l£d  trom  ihc  fun;  that  the  hemi- 
fphcre  wh^^^^^|rned  towards  the  fun  is  illumi- 
nated by  

in  darknci        .^^^^Bi3  a   IhaJou'    \fhich  arifcs 
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|tnd  oppofition,  and  thus  when  there  will  be,  or 
pot,  any  cclipfes. 

The  diftanceof  the  moon  from  the  earth  varies 
feniibly  with  refped:  to  the  fun ;  it  does  not  move 
in  a  circular,  but  in  an  elliptic  orbit  round  us,  the 
jarth  being  at  one  of  the  foci  of  this  curve.  The 
longer  axis  of  the  lunar  orbit  is  not  always  direded 
to  the  fame  point  of  the  heavens,  but  has  a  move- 
ment of  it's  own,  which  Is  not  to  be  confoundccl 
with  that  of  the  node^^  for  the  motion  of  the  lad 
Is  contrary  to  the  order  of  ligns,  but  that  of  the 
line  of  apfides  is  in  the  fame  direAion,  and  returns 
to  the  fame  point  of  the  heavens  in  about  nine 
jrcjirs.  This  motion  is  ill uft rated  in  the  lunanum 
by  means  of  the  brafs  ellipfis  X  Y,  which  is  car- 
ried round  the  earth  in  little  lefs  than  nine  years; 
thus  fhewing^  the  fituation  of  the  elliptical  orbit  of 
the  moon^  and  the  place  of  the  apogee  in  the 
ecliptic. 

Of  A  NEW  Terrestrial  Globe/ 

And  of  a  new  Apparatus  adapted  thereto,  for  folvitig, 
in  an  eajy  and  natural  manner ,  the  fever al  Pbe^ 
nomena  of  the  Sun,  Moon,  and  Earth. 

Though  globes  have  ever  been  confidercd  as 
the  beft  inftruments  for  conveying  general  ideas 
of  aftronomy  and  geography,  yet  have  they  always 
been  mounted  in  a  way  that  muft  perplex  and 
confufc  the  learner,  and  furnilh  him  with  ideas 
that  arc  altogether  falfe,  and  contrary  to  the  na- 
ture of  things. 

O  3  That 

P  The  tcrrcftrial  globe  was  firll  improved  by  my  father,  and 
pUeedin  a  fixed  polition,  <S:c.Thc  floauiig  meridian  and  horizon 
were  added  by  Mr.  Newman. 
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That  you  may  clearly  perceive  the  great  adv&n- 
tapes  of  a  globe  mounted  like  that  before  you»  I 
Ilia  11  fir  ft  point  out  a  few  of  the  imperfe^ions  of 
globes  mounted  in  the  common  way^  and  how  very 
unfit  they  are  for  the  purpofes  ot  inllru(^lion. 

Now,  in  the  firft  place,  what  is  recftifyinga 
globe  thus  mounted,  but  a  continual  abfurdity  ? 
for  to  rectify  the  globe  to  any  particular  latitude, 
the  axis  of  the  earth  is  continually  fhifted  from 
one  falfe  pofition  to  another,  the  mind  of  the  pu- 
pil is  confufcd,  and  he  with  difficulty  conceives, 
that  the  axis  of  the  earth  never  varies  it's  pofition, 
but  always  prefcrves  the  fame  inclination  to  the 
plane  of  it's  orbit. 

The  broad  paper  circle  of  the  common  globes 
is  dcfigncd  toreprefcnt  the  ed'piii  dv.iliw^ horizon; 
but  on  examination  you  will  fuKi  it  rdprtr::.us  nei- 
ther the  one  nor  the  orhcr.  Now  the  C(  liptic  i^thc 
apparent  path  of  tiie  fun,  to  which  the  earth's 
axis  alvva\s  makes  an  angle  of  661  dcj^rccs  ;  now 
by  fliifting  the  axis  of  tlic  ;j;lobc-,  to  rcctily  tor  the 
latitude,  this  circle  ca.i  never  be  in  it's  poiiiion  as 
ecliptic,  except  when  me  axis  is  at  6blclegrecs,  and 
coniequently  cannot  l)e  ufed  as  thecLliptic.  Now 
let  Ub  confuler  it  as  the  horizojK  Now  every  place 
is  always  in  the  zenirh  of  it*s  horizon,  and  the  place 
and  horizon  alwa\s  nio\e  toj^erhcr  ;  bu:  in  the  com- 
mon globes  the  broad  paper  circle  is  only  the  hori- 
zon in  one  lituation,  that  is,  w  hen  the  [>lace  is  in  the 
zenith;  after  having  rcctifkd  the  globe  to  the  lati- 
tude, the  moment  you  move  li.c  j.;lobc,  the  broad 
paper  circle  is  no  longer  the  horizon.  Thus  is  it 
plain,  that  this  circle  cannot  with  propriety  be 
conlidered  either  as  horizon  or  ecliptic.  As  if  J||; 
were  to  multiply  confufion,  a  circle  is  laid  " 
on  the  terrcitrial  globe  to  rcprefent  the 
and  ufed   as  fiich  in  folving   problcna 
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common  globes,  though  it  involves  the  pupil  in 
numerous  abfurditics  :  thus  having  marked  the 
fun's  place  in  the  ecliptic,  and  recti ncd  the  globe 
to  the  latitude,  then  turn  the  globe,  and  the  Am 
and  earth  have  a  diurnal  motion  together;  of  courfe, 
if  you  have  day  when  you  begin,  you  will  have  the 
fame  during  the  whole  twenty-tour  hours.  Many 
other  errors  might  cafily  be  pointed  out,  but  thefe 
are  fufficient  to  (hew  you,  that  no  one  can  be  pro- 
perly Caught  by  globes  fo  mounted.  I  would  alfo 
juft  obferve  to  you,  that  the  ideas  of  a  parallel, 
oblique,  and  right  fphere  are  abfurd,  with  rcfpcc't 
to  the  globe  of  the  earth,  as  it  has  in  reality  bu( 
one  pofi&ion. 

The  globe  before  you,  fg.  2^  pi.  13,  docs  not 
hang  in  a  frame  like  the  common  globes,  but  is 
mounted  on  a  pcdcftal,  and  is  fupportcd  by,  and 
moveable  on,  an  axis  which  is  inclined  66^  degrees 
to  the  ecliptic,  and  of  courfe  is  always  parallel  to  the 
axis  of  the  earth,  fuppoiing  the  path  of  the  globe  to 
be  parallel  to  the  ecliptic.  Oi\  the  pcdcftal,  but  under 
the  globe,  is  a  graduated  circle,  marked  with  the 
iigns  and  degrees  of  the  ecliptic  ;  adjoining  thereto 
is  a  circle  of  months  and  days,  anfwering  to  every 
degree  of  the  ecliptic  ;  within  this  circle  is  the 
fun's  declination  for  every  day  of  the  month. 

There  is  a  moveable  arm  A  B,  which  being 
fet  to  the  day  of  the  month,  immediately  points 
out  the  fun's  place  in  the  ecliptiic,  and  his  declina- 
tion. On  this  moveable  arm,  but  near  the  in- 
dex, you  obferve  a  pillar;  on  the  top  of  the  pillar  is 
i^xed  a  fmall  ball,  through  which  allccl  wire  palies, 
to  rcprcfenc  a  ray  proceeding  from  the  ccater  of 
the  fun-  ^fc^^t 

Round  the  globe  is  ||tf^B^<o  reprcfcnt  the 
h^ri'^^m  q{  any  place;  ai^^^^^^K^^gle^  to  this 
horizon,  is  fixid  a   Icm^^^^^^^TOf^cr  tor  a  gc- 

mcrti^  Liu     The  n:  ^K  of  this  femi- 

^^  (  i  i  circle 
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circle  apfwers  for  the  fittiation  of      ^ 

oh  the  earth,  for  iii^hich  neafon  a  fted  ^ff  k-  ftud 

over  the  middle  point  of  thia  feihieiMle. 

'^'      QQefuppofitiononljr  bneceffaiyibrperfii^ 

IDS  every  jproblem  with  this*  gl6be ;  namely^  Ihat  | 

^hericallurhinousbody  will  <MiItghteiioiiiehaif  dft 

&h|rnca)  opake  body^  afvl  confequently  tflirt  a  cv» 

tie  at  right  angles  to  the  ceAtral  tfi^t  raj,  uA 

dividing  the  globe  in  half^  will  be  a  tMiihaiaUr 

jewing  the  boniidaries  of  light  and  dhifeiieia  CM 

finy  givei^  day. 

.  For  this  purpofe^  at  the  end  of  the  mMmUf 
Krm  ojpipofite  to  the  fun^  there  ia  a  pilljuv  fitoto  thk 
pop  of  which  proieAs  a  piece  to  c^rry  A  eh^  Ait 
iurrounds  the  eiobc^  and  always  divUea-  k  iim 
equal  pi^rtiona^  feparatingthe  cnlightefietf^  ftimM 
jbl'k  pans.  1 8  degrees  behind  this  <Att^^  hUt 
barallel  thereto,  is  iinoth^  circlCi  toi^epMffent  A$ 
ligiits  of  twilight. 

"^  There  are  two  plates  under  the  globe,  whicli 
jirc  turned  by  the  diurnal  revolution  thereof;  each 
of  them  is  divided  into  twice  twelve  hours  andl 
mrts  of  an  hour^  to  anfwer  for  the  houra  of  dqr$ 
pnthe  putfideare  laid  down  the  degrees  of  length 
tudc  for  every  hour  ;  fo  that  thefe  circles  give  you 
fit  fight  the  hour  of  the  day  or  night,  at  anv  twt 
places  on  the  globe,  and  the  difference  of  lonriT 
fudp  corrcfponding  thereto. 

There  is  one  thing  more  relative  to  the  globci 
whic)i  renders  it  a  planetary  globe  ;  for  by  fctcing 
this  pillar»  fig.  4,  pL  it,  to  the  place  of  any 
planet  in  the  ecliptic,  and  the  ball  to  the  latitude 
of  the  pbnct,  it  will  folve  all  problems  reUtive  " 
that  planet,  or  the  moon }  as  it  docs  for  the  ' 
pieans  of  a  central  folar  ray. 

^0  reSify  this  globe,  let  the  divifion  vr' 
reprefentative   inhabitant    over  the  givci 
Jet  the  folar  injjex  to  the  day  of  the  imit 


Jatitude 
Utive  mA 
'  fun,  bfl 
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fum  tlie  globe  round  on  the  axis  till  the  meridian 
coincides  with  the  central  folar  ray,  and  the  hour  in- 
dex under  the  globe  to  XII;  and  this  globe  is  then 
in  the  pontion  of  our  globe,  with  refpcdl  to  the 
fun  and  that  place,  &c. 

Place  the  inhabitant  on  the  weftern  fid  e  of 
the  terminator,  and  he  will  fee  the  fun  or  the  cen- 
tral folar  ray  riling  in  the  horizon,  and  this  ray 
will  mark  thereon  the  fun's  amplitude,  and  the 
hour  circle  gives  you  the  hour  and  minute  of  the 
fun's  riling  on  that  day  and  place  ;  turn  the  globe 
gradually  till  the  meridian  coincides  with  the 
central  (olar  ray,  and  the  point  will  mark  out  the 
fiin's  meridian  altitude  for  that  day.  As  the  globe 
goes  on,  the  altitude  decreafes,  and  when  the  in- 
habitant is  arrived  at  the  other  fide  of  the  termi- 
nator, the  folar  ray  is  in  the  horizon,  and  pointi 
out  the  fun's  amplitude,  and  you  have  the  time  of 
his  fctting  on  the  hour  circle.  If  you  proceed  to 
turn  the  globe  till  the  inhabitant  is  under  that  cir- 
cle»  which  is  behind  the  terminator,  the  hour 
circle  gives  the  time  that  twilight  finifties.  The 
fun's  attitude  for  any  given  time  of  the  day,  is  ob- 
tained by  (topping  the  globe  when  the  index  points 
out  that  hour,  and  the  quadrant  of  altitude  over 
the  inhabitant,  and  then  bringing  it  to  the  central 
ray,  which  will  point  out  thereon  the  altitude  for 
that  hour. 

In  this  manner  you  may  folve  the  fame  quef- 
tions  for  any  other  place,  or  any  other  day,  alway$ 
obferving,  i.  To  fix  the  inhabitant  over  the  given 
place.  2.  To  fet  the  fun's  annual  index  to  the 
given  diiyofthc  maiuh.  3.  To  bring  the  meri- 
dian to  the  central  fol.tr  mv,  and  the  lujur  index 
under  the  gkbc  to  XIL  By  pljcinfiiA^i^all  pillar 
to  the  nioun'ioUr  *  m '-^  ilhe  ball 

$fi  her  Ucitu^^p  1  ^b n^  ^%folvc*d 
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at  the  (kmctimc  for  the  moon;  and  £a  KtpeS&$df 

of  any  other  planet.  \ 

By  this  globe,  a  perfon  entirely  uoacquaintf 
ed  vith  aftronomy,  may  in  a  few  hours  acquiiea 
competent  notion  of  the  principal  phcnomcD^ 
and  to  folve  the  greateft  part  of  the  moft  inter* 
efling  problems  concerning  the  fuo»  inoQn»  and 
planets. 

I  . .  .  .        - 

Op   THE   CstESTlAL   GtOBE,  FiG.   3j   PlAWJJ^ 

As  the  tcrreftrial  globe  is  mounted  to  cont- 
ipondexadly  with  the  globe  of  our  earthy  and  cveiy 
problem  anfwered  as  they  are  really  occafioned,  Igr 
the  annual  and  diurnal  motion  of  the  earth  s  ib  the 
celeftial  globe,  to  be  conformable  to  nature,  Ihould 
be  as  nearly  as  poifible  an .  exa&  imitation  of  the 
bcavens,  and  their  fituation  with  refpe<^  to  the 
earth  j  which  is  far  from  being  the  cafe  with  the 
common  globes. 

To  make  the  celeftial  globe  thus  conformable 
to.nature,  it  ihould  have  no  motion  ;  the  appear- 
ances of  motion  in  the  firmament  arifc  from  the 
diurnal  motion  of  the  earth  ;  it  is  plain^  therefore, 
that  whatfoever  gives  a  true  reprcfcncation  of  the 
heavens,  will  have  no  motion.  The  celeftial  glob^ 
before  you,  is  therefore  tixcd  on  an  axis,  making, 
like  that  of  the  tcrreftrial  globe,  664  degrees  with 
the  plane  of  the  ecliptic;  and  che  ecliptic  on  this 
iglobe  exactly  coincides  with  the  fun's  apparent 
path  round  the  earth.  All  problems  concerning 
the  fun,  moon,  and  planets,  are  performed  by  the 
terrcftrial  globe.  This  globe  needs  only  be  ufedtor 
the  ftars,  and  one  or  tv\  o  problems  will  give  you  a 
fiifficieni  idea  of  the  manner  of  folving  all  that 
relate*?  to  the  ftars. 

^ojind  the  latitude  iind  Icnptude  of  agivenfiar. 

Find 
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Find  the  liar  on  the  globe,  and  then  place  the 
clip  on  the  ecliptic  plate,  Aide  the  fidcrial  index 
till  it  is  exadtly  over  the  flar,  and  the  latitude  is 
ftiewn  on  the  arch,  and  the  longitude,  by  the  in- 
dex, on  the  ecliptic. 

To  find  the  rifing^  Jetting^  amplitude^  and  me- 
ridian altitude  of  the  fame  ft ar.  Take  the  clip  from 
the  celellial  globe,  and  put  it  to  the  fame  degree 
of  longitude  on  the  terreftrial  ecliptic  plate;  turn 
the  globe  on  it's  axis,  and  the  time  of  it's  rifing 
and  letting  is  immediately  pointed  out  by  the  hour 
index  ;  it's  amplitude  is  (liewn  on  the  horizon; 
it's  meridian  altitude,  by  the  meridian;  and  it's  azi- 
muth and  altitude  for  any  hour,  by  applying  the 
quadrant  oi  altitude  under  the  fiderial  index  for 
that  hour. 

I  (hall  conclude  my  Lectures  on  thefe  injlru- 
ments  with  fome  obfervations  that  naturally  arifc 
from  confidering  the  art  and  ingenuity  with  which 
they  are  conftructed.  For  when  we  fee  materials 
working  with  an  art  and  contrivance  that  is  not 
in  their  nature,  we  are  at  once  convinced,  that  a 
fuperior  intelligence  has  been  concerned  in  their 
arrangement,  &:c. 

Thus  alfo  in  nature,  whatever  bears  the  marks 
of  a  wifdom  not  belonging  to  the  known  caufes 
producing  it,  may  be  properly  ftilcd  providential: 
for  when  agents  void  of  wifdom  act  wifely,  it  is 
plain  there  mult  be  fome  hand  to  conduct  them, 
though  we  may  not  be  able  to  perceive  by  what 
fprings  or  channels  of  conniiunication  it  operates. 
There  wants,  therefore,  no  long  train  of  reafon- 
ing  to  lead  us  into  the  knowledge  of  a  providence. 
Penetration  and  clofcnefs  of  thoiiorht  have  no  fur- 
ther ufc  in  this  cafe,  than  to  difcovcr  the  fallacy 
of  thofc  fophifins,  wherein  inlidel  writers  en- 
i:leav()i»r  to  overcloud  the  moil  aj;parent  truths. 
The  plain  man  needs  no  aiiiltuncc  here  from   the 
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fruity  herbs,  cattle  and  fowl,  for  our  fuftenance;  wool, 
liax,  and  cotton,  for  ourcloarhing;  drugs  and  fim- 
plcs  for  our  relief;  air  for  our  breathing;  timber, 
(ioRC,  lime,  and  brick-earth,  for  our  habitation ; 
wood  and  coal  for  our  firing;  beads  of  burden  for 
our  aflidance ;  winds  to  purify  our  atmofphere,  to 
refrefh  our  heats,  and  waft  us  from  (hore  to  ihore; 
variety  of  climates  and  foils  to  bear  us  a  produce 
of  every  kind ;  dews  and  rains  to  make  them  yield 
us  their  increafe.  The  fea,  that  original  fource 
of  water,  fo  ncceffary  to  us  for  many  ufes,  ferves 
likewifc  to  aiTociate  diftant  nations  by  opening 
the  communication  of  commerce.  The  fun  dif- 
fufes  his  warmth  and  light  to  cherilh  us.  The 
diftant  ftars  guide  us  over  the  boundlefs  ocean, 
and  the  inhofpitable  defert;  extend  the  fields  of 
fcience  to  an  immenfity  of  fpace,  and  turn  the 
rugged  brow  of  night  into  a  chearful  fcene  of  con~ 
tcmplation. 

Even  within  the  narrow  compafs  of  our  own 
todies,  we  carry  about  no  inconfiderable  ftores, 
without  which  we  could  not  receive  benefit  from 
thofe  around  us.  We  have  engines  of  digeftion 
and  fecretion,  fprings  and  channels  of  circulation, 
limbs  for  inftruments  of  aQion,  bones  for  our  fup- 
port  and  protedion,  organs  of  fpecch  for  our  mu- 
tual intercourfc.  What  a  mokitude  of  veffcls, 
glands,  and  ducts,  to  concoct  and  diftributc  our 
aliment!  What  artificial  Itrudlure  and  excellent 
difpofition  of  mufclcs  and  joints  to  fcrve  for  in- 
ftruments of  adion !  What  amazing  nicety  in 
the  organs  of  fcnfc  1  The  eye  with  her  humours 
and  coats  mathematically  arranged,  and  duly  pro- 
portioned one  among  the  other ;  the  ear  in  wind- 
ing modulating  the  vibrations  of  air  into  founds ; 
the  nerves  in  imperceptible  threads  running  every 
'  through  the  flcfliy  parts,  yet  rct»>  '  '«»  their 
*  ^t  impediment  from  the  ex- 
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trcmitics  of  our  limbs!  And  all  this  compncatcd 
machine,  containing  an  infinitude  df  multiform 
works,  is  bound  up  in  a  fmall  coinpafs,  yer  with 
fuch  ftupcndous  fkill,  that  they  do  not  interfere 
with  each  other's  operations,  nor  fall  into  difcord 
upon  our  motions ! 

We  have  appetite  to  Simulate,  fcnfcs  to  in- 
form, the  faculties  of  comparing,  didinguiihin^, 
judging  to  enlighten,  and  reafon  to  diredl  us.  In 
the  capacity  of  our  fcnfcs  and  alfedions,  we  have 
fourccs  of  pleafure,  enjoyment,  and  innocent  mirth. 
In  the  multitude  of  the  objects  of  creation, 
we  find  a  provifion  made  and  fuired  to  our  various 
organs,  taflcs,  and  faculties,  a  fund  tor  bodily  fup- 
port,  fubjcds  for  intcllcclual  inquiries  and  mental 
gratification.  "Which  lliall  we  admire  moft,  the 
multitude  of  our  organs,  their  finiflied  form  and 
faultlcfs  order,  or  the  power  which  the  mind  ex- 
crcifcs  over  rhem?Tcn  thoufand  veins  arc  put  into 
her  hands,  an(1  yet  (lie  manages  and  conducts  them 
all  without  tl'.c  kale  perplexity  or  irregularity, 
with  a  })r(>niptirLidc,  a  coiiiiftency,  that  nothing 
elfc  can  eqiial;  roiicliirig  every  fj^nng  of  the  hu- 
man miuhinc  v.  it.h  rlu-  ii.j^fV  ma^.t  r!y  Ikill,  though 
ihcknov.s  nothing  of  the  natiiieoi  iier  inllrun.cnt, 
or  the  proeef:)  ol   her  oj^.iatioji. 

U  you  turn  your  e\e.s  upv)n  rhc  vcgctahlc 
tribes,  you  perceive  then-.,  in  coi:rrIe!s  iv.ultitudcs 
of  trees,  iiirubs,  wlcJ.n,  inrfles,  ^:e.  each  grow- 
ing, fpreaeling,  and  lloiirilhing,  by  laws  adapted  to 
it's  own  kind;  and  all  worlv.d  with  fuch  exacrnefs 
and  nicety  of  art,  as  tl^-  gieatell  human  ingenuity 
could  not  imitate;  their  i'ap  velTels  curioufly  woven 
within  the  (hm,  and  clifperfed  among  the  roots 
and  branches;  tluir  lea\es  wrought  finer  than 
needle-work.  "I  he  fined  works  ci  the  loom  and- 
the  needle,  when  examined  with  a  n^.icrofcope, ap- 
'H^ar  fo  rude  and  coarfe,  that  a  favagc  mighc  h^ 

alha" 


On  Astronomy,  207 

afhamed  to  wear  them:  but  when  the  work  of  God 
is  brought  to  the  Himc  teft,  we  fre  how  fibres, 
too  minute  for  th^  naked  eye,  are  compofed  of 
others  ftill  more  ininute;  and  thcfe again  of  others; 
till  the  primordial  threads,  or  fir(t  principle  of  the 
texture,  are  utterly  undifccrnablc  ;  while  the  whole 
fubftance  prefents  a  cclertial  radiance  in  it's  co- 
louring, as  if  it  were  intended  for  the  cloathing 
of  an  angeL 

Yet  are  thefe  wonders  of  the  vegetable  world 
furpalTed  by  thofe  of  the  animal,  whole  frame  con- 
tains a  more  complicated  machinery,  capable  of 
more  admirable  play :  for  bcfides  the  engines  of 
growth  and  nutriment  analagous  in  both,  the  ani- 
mal is  furnifhed  w  ith  organs  of  fcnfation,  and  in- 
ftrumentsof  a<5tivity.  What  a  ri<  hnefs  of  invention 
is  difplayed  in  the  variety  of  their  forms,  and 
the  divcrfity  of  their  cloathing. — Nor  can  wc 
help  remarking  thofe  furpriling  inrtincis  that  fe- 
verally  guide  them  to  their  harbours,  their  foods, 
their  ways  of  breeding  and  prcfcrvation,  inftrudt 
them  to  build  their  neft,  to  make  their  comb, 
to  fpin  their  webs,  and  provide  for  the  future 
without  knowledge  of  their  wants. 

Nor  muft  we  omit  the  iife?^  and  qualities 
afligned  to  animals,  that  we  can  turn  commodi- 
oufly  to  our  advantage;  wc  have  not  to  feek  our 
wool  from  the  fierce  lion,  nor  want  the  untamc- 
able  tygcr  to  plow  our  grounds  ;  but  the  ox,  the 
horfe,  and  the  ftiecp,  have  docility  and  managc- 
ablcnefs  given  them  for  their  charadcriltics. 
Creatures  faleabic  in  the  market  are  more  prolilic 
than  thofe  of  the  favage  kind.  Poultry  and  rab- 
bits keep  within  their  accudomcd  purlieus ;  but 
nobody  knows  where  ro  find  the  coarfc-graincd 
heron^  or  the  worthlcls  cuckoo.* 

O  Lord, 

^crmonf,  vol.  2/  p.  63* 
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O  l/ird^  bo's:  msnsn^d  are  tby  werks  /  /»  vnf» 
dovn  L\:jl  ibcu  mj^f  :bzm  j-/;  tbf  earth  is  /mil  ^ 
tby  riicc's  !  A.i  :r:\:turzs  'jtrait  upon  tkee^  that  tim 
mayeji  ;ive  tbem  lieir  n-jt  in  due  feafon,  IVben 
tcQu  ^rifii  it  /''r";  :h'\  <:atber  it,  and  icben  thn 
opcn-'jl  ihiKe  c.:y..:  :c:y  ^vz'  tilled  'xitb  good.  How 
grcar  and  bcauriuil  i^  ihis  idea!  The  hand  of  mail 
Icacrcrs  i"o<xi  i^^.  the  t'c-v  trcaturcs  chat  are  about  hkn; 
bur  uhcn  the  hand  of  G';.:  is  opened^  a  world  is  fed 
aadUTis'^cd.* 

Endlei's  are  the  inf^anccs  vhich  might  bchert 
brought  torw.irdb  a?  evidences  of  a  f^'perintcnding 
providence.  1  ihall  however  only  niencion  another 
inilance,  namely,  that  of  adapting  caiiics^  acting 
blindly  through  a  lonj:  ferica  of  operation,  yet  ac- 
ting V.  ith  fucn  v.cndcrtul  exa:tncls,  that  things  art 
broiisrht  into  the  ran:c  aJniirui^lc  order,  as  if  each 
had  been  acted  on  imn-iediatdy  by  an  intelligent 
hand.  This  in.l.incc  is  of  i\ic\\  importance,  fo 
Keii;htcns  o^.r  iviv-a  •  f  the  coiirrivanvTC  of  :he  .//- 
mi-^oiv,  d.yl  a:  ihc  h'M:  rime  io  cttectualiy  over- 
turns ina.i.  of  v.v^^i\  ;. -'Lionsofminiite  philoiophers, 
that  1  ihall  eitdvavojr  to  j^lace  it  betore  you  in  a 
Ibanjz  ai^.i  clear  liiih:. 

l->iry  c:ie  i:>  fep^ii^jL-  tha:  there  is  much  con- 
trivance and  art  in  a  n-njv.tv.i  wjrxh;  nor  tliat  he 
thijiks  iliat  Livjre  i^  ar./  ikill  or  uiuicrllanding  in 
the  pari>  clu:j-jt:r.  coiv.r.ining  to  p;vi:u  out  the  hour 
and  !7Kiiwii»  ;  f'-i'  h^*  knows  that  all  their  movements 
follow  nc'.LlIiiiiiy  Jnjni  t!:e  number  of  the  teeth, 
their  liuiarion,  cvic.  ard  that  the  numbers  nuill  have 
been  caleulated,  the  form  given  to  the  teeth,  CS:c. 
Uc.  hv  i'onvc  ikilful  arrHt.  Xow  fuppofe  him 
cairicvi  d:»v.  :i  into  a  mine,  where  he  found  an  en- 
gine thar  colkcied  the  metallic  particles  from  their 

ore»« . 
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orcs»  worked  them  up  into  fprings,  and  wheels,  and 
dial  pUtes,  and  hands ;  and  difpofed  them  fo  as  to 
form  a'perfcdl  watch,  all  by  a  mechanical  opera- 
tion ;  he  will  alter  his  opinion,  and  (land  convin* 
ced,  that  watches  might  be  made  without  hands, 
by  a  blind  mechanifm,  proceeding  without  thought 
or  contrivance  of  the  work  it  performed.  But 
though  he  loft  his  idea  of  ingenuity  being  requifite 
for  making  watches  upon  feeing  them  generated  by 
mechanical  caufes,  he  would  be  fatisfied,  a  much 
greater  muft  have  been  employed  in  conftrufting 
the  engine,  than  he  had  judged  needful,  while  he 
confidcred  them  as  made  by  hand,  with  hammers, 
files,  pincers,  and  other  inftrumcnts  of  the  trade. 

It  may  be  here  objedtcd,  that  this  is  a  romantic 
fuppofition,  for  that  nobody  ever  faw  an  engine 
.that  will  make  watches.  This  is  true,  nobody  ever 
yet  faw  fuch  an  engine,  nor  I  believe  ever  will;  for 
it  would  require  much  greater  fkill  to  contrive, 
than  the  fons  of  men  arc  matters  of:  neverthclefs 
zve  have  all  feen  engines  that  have  brought  to  per-- 
fellion  ivork  more  curious  and  ad^nirable. 

Examine  a  fruit  or  a  feed,  and  you  will  find  it 
nicely  enveloped  in  fcvcral  teguments,  furniflicd 
with  fibres  and  juices  ranged  in  their  cxaft  order, 
provided  vith  fprings  capable  of  expanding  into 
ftcm,  branches,  and  leaves,  of  one  particular  form 
and  contexture.  The  plant  that  bears  it,  may  be  con- 
lidered  as  an  engine,  fitted  with  roots  to  gather  the 
nutritious  particles  from  the  earth;  fap  vcflcls  to 
concoft  and  circulate  the  juices  ;  twigs  to  work 
them  into  a  bud  or  llowcr,  for  perfecting  this  fur- 
prizing  machine. 

Confider  the  body  of  a  fowl,  what  an  abun- 
dance of  work  it  contains,  adapted  for  carrying  on 
the  bufinefs  of  ^^ftion,  circulaiion,  and  animal 
motion,  in  grca^^^  and  variety  rhnn  any  clock- 
nirork   that  ever  adc    bv  human  contri- 

Vol.  IV.  ^       '  Vance. 
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vancc.  What  then  is  an  egg,  but  an  engine  con- 
rtrudcd  to  falhion  all  chefc  complicated  works^and 
arrange  thciii  in  their  proper  order?  or  what  clfc 
the  matrix  of  the  parent  bird,  belidcs  another  en- 
gine contrived  tor  making  eggs  ? 

Indeed  the  uhole  fylkm  of  nature  may  be 
confuiered  as  a  fiuiKndoiis  engine,  containing,  bc- 
iidcs  the  works  aj^propriated  to  the  generation  of 
organized  compolition-s,  a  countlcfs  multitude  of 
others,  j)roperi\  iiited  and  difpofed  to  alTift  in  car- 
rying on  the  plan  ot  vegetation  and  vital  engines, 
all  eonfpiring  in  their  Icveral  nfcs  to  carry  on  the 
geneial  pl:in  of  divine  providence. 

If  \ou  conlider  this  nutter  properly,  you  will 
foon  be  convinced,  that  this  prolific  principle  is 
not  fronj  the  feed,  nor  from  the  fun,  but  from 
God  the  Creator,  and  that  not  only  when  created 
at  firrt,  but  continually  afterwards;  for  fupport 
is  pn-pcU lui I  creation y  as  fubliftencc  is  perpetual  cx- 
illence. 

l'!ach  of  the  links  that  compofe  the  mighty 
chain  of  nature,  while  it  connects,  illultratcs  thofc 
that  border  next  upon  it,  and  difplays  the  Ziifdom 
of  the  Or.;/r;7' b.oih  in  it's  own  frame  and  llate, 
and  the  connections  it  holds  with  the  orders  above 
and  Ixlow  it. 

'1  lie  eontirauii  i\:pport,  tlic  c  onliant  prcferva- 
rion,  ai^.d  repented  reno\a:iiin  of  creatures  both 
raiii.'n.d  r.nd  iiiM'ion.iI,  ciiiiniutc  and  inanimate; 
their  rej2:iiUirar:-an''enKi.r;.:wK{cAact  adaption  to  their 
relpective  rniMr:o:i<,  evin.  e  a  rulir.j;  government 
:i:h1  fuprtnu-  r;o\Lrnor,  a.ui  lijat  the  whole  uni- 
verfe  of  being  ;.^  c(;r.iHCleJ,  comTJpjhended,  and 
pervaded  b\  liie    injlueiiee  «)i    our   C^cd, 

\ou  will  hen;.e  alio  per^ci\e  the  error  of 
thofe  wh.o  re:"oi\c  niture  ii.ro  n:ere  mechanical 
<^peraiions,  a-*  if  nature  cui-ld  ^jr.'.iate  of  herfelf 
:o  produce  eiVec;'^.  ■    ior  '.ou  hii\e  leen  it  clearly 

provf 


On  Astronom'vl 


/f^ 


fllX 


>ved»  that   there  is  no  operation  in  natlific,  init 
^hat  is  carried  on  under  the  inl|uj|iip6  ahd'direc-* 
m  of  thcSuprcttie  Being  j  that  tncfie  is*  no'infe* 
jr  agent  but  what  h  fubjedl  to  the  coQtfOiil'oC 
merciful  and  all  wife  God,  the  real  and  liviiig 
orator  by  the  fubjedts  of  the  mateiial  world/  ,  . 
As  well  might  you  fuppofe  light  and  hcgt 
|ually  and  regularly  difpenfed,  as  at  preleojt^  '•wkh 
and  liars  in  mid-fea  funk/' as  to  luj^fe  na^' 
lire  living  without  a  principle  pf  life  and  being. 
>wing  from   no  fountain.     I'he  whole  feries  of.. 
lufes  and  cffeds  proves,  that  nature  has  no  vil(  of 
own  to  guide  it's  motions  or  dirc<Stlt's  cpurles* 
>es  the  fun  know  when  to  rif€|?  pr  does  the  fijjjf^ . 
refcribeto  itfelf  it'sjufl  limits  l^ow  far  it  flndl'go/ 
ad  no  farther?  .    .  .  .^- . 

The  more  you  contemplate  the  vaft  concuiu' 
mce  of  caufes  that  join  in  producing  .the  levcU 
ll  operations  of  nature^  the  more  eafiljr  will  ydtt:. 
ready  to  believe  with  Plaia^  that  the  whole 
"world  is  one  tiffue  of  caufes  and  efFeAs^  wheitin 
nearly^  or  remotely,  every  thing  has' an-infiflaiGe 
upon  every  thing  i  and  thence  conclude^  thtft  the 
young  ravens  are  fed,  and  the  lilies  df  the  field*. 
arrayed  in  the  glory  of  Solomon,  by  divine  nrovifion; 
and  that  of  two  fparrows  which  are iold  for  lii 
farthing,  not  one  of  them  falleth  to  the  groundj^ 
not  a  hair  is  loft  out  of  the  number  upon  oui"  heads^ 
without  the  permiflion  0r  appointment  ctf  dutf 
Heavinly  Father, 
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LECTURE  XUV. 
Of  THE  Fixed  Stars. 


No  part  of  the  univerfc  gives  fuch  enhii|;cd 
ideas  of  the  llructiirc  and  magnificence  of  the  hea- 
vens, as  the  conlidcration  of  the  number^  magni- 
tude,  and  diftancc  of  the  fixed  ftars 

We  admire  indeed,  with  propiiety,  the  vaft 
bulk  of  our  own  jjlobe  ;  but  when  we  confider  how 
much  it  is  furpaacd  by  mod  of  the  heavenly  bo- 
dies, what  a  point  it  degenerates  into,  and  how 
little  more  even  the  vafl:  orbit  in  which  it  revolves 
would  appear,  when  fecn  from  fome  of  the  fixed 
ftars,  \ie  begin  to  conceive  more  jull  ideas  of  the 
extent  of  the  univerfc,  and  the  boundaries  of 
creation. 

The  mofl  conrpicuous  and  brightcft  of  the 
fixed  ftars  of  our  horizon  ir>  Sirius.  The  earthy  in 
moving  round  the  fun,  is  190  millions  of  miles 
nearer  to  this  liar  in  one  p:irt  of  it's  orbit,  than  in 
the  oppol-rc ;  yet  the  miignitLidc  of  the  ftar  does 
not  appear  to  he  in  ihc  Icalt  altered,  or  it's  dif- 
tance  allc.'icvJ  by  it  ;  fo  that  the  diftancc  of  the 
fixed  r.ars  is  great  bcyorxl  all  coiupiitation.  The 
unbounded  fpiicc  appear^  lilicd  at  proper  dillances 
with  thefe  ftars,  ca.:h  of  which  i^  probably  a  fun» 
with  atrcjidant  phl^ct^;  roHir.jr  round  it.  In  this 
view,  w ha:,  and  how  ama/jng,  is  the  ftruclurcof 
the  univcri'c  ! 

T' oiigh  ^hc  fixed  ftars  are  the  only  marks  by 

'::■■.  ■■:    ;i.---    cv'MlJ  ;o   ;'.^!.  w    vT   ihc 

<..-'■-..     ■•'.  .  .   ■■.  :  ;' .  ■  J  a-i-rlcd 
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:hcir  relative  pofitions  do  not  vary  ;  yet  this  aflfer- 
ion  mull  be  confined  within fomc  limits,  for  many 
lofthcm  are  found  to  undergo  particular  changes, 
and  perhaps  the  whole  are  liable  to  fome  peculiar 
niotion,  which  connects  them  with  the  univcrfal 
fyftem  of  created  nature.  Dr.  Herfchel  even  goe« 
fofkras  tofuppofe,  that  there  is  not,  in  ftridnefs 
t)f  fpcaking,  one  fixed  ftar  in  the  heavens;  but 
Ithat  there  is  a  general  motion  of  all  the  ilarry 
<)*ftcms,  and  confequently  of  the  folar  one  among 
icreft. 

There  are  fomc  ftars,  whofe  fituation  and  place 
iRTrc  heretofore  known,  and  marked  %vith  pre- 
cifion,  that  are  no  longer  to  be  feen ;  new  ones 
ve  alfo  been  difcovercd,  that  were  unknown  to 
It  ancienrs,  w+iilc  numbers  feem  gradually  to 
^mfh.  There  arc  others  which  are  found  to  have 
a  periodical  increafe  and  decrcafe  of  magnitude  ; 
and  it  is  probable,  that  the  inftances  of  thefe  chan- 
ges would  have  been  more  numerous,  if  the  an- 
cients had  pofleffcd  the  fame  accurate  means  of 
examining  the  heavens,  as  are  ufcd  at  prefent. 

New  ftars  offer  to   the  mind   a  phenomenon 
more  furprizing,  and  lefs  explicable,   thanalmoft 
any  other   in   the  fcience   of  agronomy;     1   ftiall 
tiecfl  a  few  inftances  of  the  more  remarkable  ones* 
for  your  inftrudion  :  a  conlidcration  of  the  chan- 
that  take  place,  at  fo  immenfe  a  diflance  as 
c  ftars  are  known  to  be  from  you,   niay  elevate 
our  mind  to  conlider  the  immenlity  of  his  power, 
who  regulates  and  governs  all  thcfe  wide  extend- 
ed motions  ;    **  who  hath  mcafured  the  waters  in 
e  hollow  of  his  hand,   and  meted  out  heaven 
ith  afpan.*' 

**  Who  turns  his  eye,  on  nature's  midnight  face, 

]BuT  MUST    iNQiTjRE What   hand  behind   the 

fccnc, 
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What  Arm  almighty,  put  thcfc  wheeling  globci 
In  motion^  and  wound  up  the  vaft  machine?" 

It  was  a  new  ftar  difcovercd  by  Hipparchus, 
the  chief  of  the  ancient  aftronomers,  that  induced 
him  to  compofe  a  catalogue  of  the  fixed  ftars,  that 
future  obfcrvcrs  might  learn  from  his  labours^  whe- 
ther any  of  the  known  ftars  difappeared,  or  new 
ones  were  produced.  The  fame  motives  engaged 
the  illuftrious  Tycho  Brahe  to  form,  with  unre- 
mitting labour  and  afliduity,  another  new  catalogue 
of  the  ftars.  i 

Of  new  ftars,  the  firft  of  which  wc  have  a    j 
good  account,   is  that  which  was  difcovered  in  the 
conftellation  of  Caffiopea,  in  the  month  of  Novem- 
ber of  the   year  1572,  a  time  when  aftronomy  was 
fufficiehtly  cultivated,  to  enable  the  aftronomcrt 
to  give  the  account  with  precilion.     It  remained 
vifibie  about  fixteen  months ;  during  this  time,  it 
Jcept  it*s  place  in  the  heavens,  without  the  kaft 
variation.     It  had  all  the  radiance  of  the  fixed 
ftars,  and  twinkled  like  them ;  and  was  in  all  re- 
fpcds  like  Sirius,  excepting  that  it  furpaffed  it 
in  brightncfs  and  magnitude.     It  appeared  larger 
than  Jupiter,  who  was  at  that  time  in  his  perigee; 
and  was  fcarce  lefs  bright  than  Venus. 

It  was  not  by  degrees  that  it  acquired  this 
diameter,  but  ftionc  forth  at  once  of  it's  full  fize 
and  brightnefs,  as  if  of  inftantancous  creation.  It 
continued  about  three  weeks  in  full  and  entire 
fplcndor,  during  which  time  it  might  be  feen 
even  at  noon  day,  by  thofc  who  had  good  eyes, 
and  knew  where  to  look  for  it.  Before  it  had 
been  fccn  a  month,  it  became  vilibly  fmaller,  and 
from  thence  continued  diminilhing  in  magnitude 
till  March,  1574,  when  it  entirely  difappeared. 
As  it  decreafcd  in  fize,  it  varied  in  colour;  at 
/hft,  it's  light  Mas  white,  and  extremely  bright; 

it 
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it  then  became  yellowifli,  afterwards  of  a  ruddy- 
colour,  like  Mars;  and  finifhed  with  a  pale  livid 
'white,  refembling  that  of  Saturn. 

In  J  596,  Fabricius  obferved  a  new  (lar  in  the 
neck  of  the  Whale :  he  firft  faw  it  inAuguft,  and, 
it  difappeared  in  Oiftobcr  of  the  fame  year.  In 
1637*  Phocyllides  Holwarda  obferved  it  again, 
and  not  knowing  that  it  had  been  fcen  before, 
cook  it  for  a  new  difcovery :  he  watched  it's  place 
in  the  heavens,  and  faw  it  appear  again  the  fuc- 
cceding  year,  nine  months  after  it's  difappcar- 
ancc.  It  has  been  lince  found  to  be  every  year 
Ycry  regular  in  it's  period,  except  that  in  1672  it 
"wai  miffed  by  Hevelius,  and  not  fcen  again  till 
1676.  Bullialdus  having  compared  together  the 
obfervations  which  had  been  made  of  it  from 
1638  to  1666,  determined  the  periodical  time 
between  this  ftar's  appearing  in  it's  greatell 
brightnefs,  and  returning  to  it  again,  to  be  y^^ 
days;  obferving  further,  that  this  liar  did  not  ap- 
pear at  once  in  it's  full  magnitude,  or  bright- 
nefs, but  by  degrees  arrived  at  them.  He  alfo 
framed  an  hypothefis,  to  account  for  thcfc  periodic 
changes. 

Three  changeable,  or  rc-apparcnt  flars  have 
been  difcovered  in  the  conftcllation  of  the  Swan ; 
the  firft  was  fecn  by  Janfonius,  in  1600;  the 
fccond  was  difcovered  in  1670;  the  third  by  Kir- 
chius,  in  1686. 

In  the  latter  end  of  September,  1604,  ^  ^^^"^ 
ftar  was  difcovered  near  the  heel  of  the  right  foot 
of  Scrpentarius.  There  were  in  that  p:\rt  of  the 
heavens,  at  that  time,  the  three  fupcrior  planet.s, 
which  fo  engaged  the  attention  of  aihojioincrs, 
that  no  appearance  thereabouts  could  have  long  cf- 
capcd  them.  Kepler,  in  defcribing  it,  fays,  that  ir 
wasprecifely  round,    without  any  kind  of  hair,  or 

P4  tail; 
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tail ;  that  it  was  ex?i6Uy  like  one  of  the  ftars,  a? 
ccpt  that  in  the  vividnefs  of  it's  luftre,  wd  dK 
quickiicfs  of  it's  fparkling,  it  exceeded  any  thing 
he  had  ever  fecn  before.  It  was  every  moment 
changing  into  fome  of  the  colours  of  the  rainboW| 
asyel/ow,  orange ^  purple^  and  red:  though  itwii 
generally  zvhite^  when  it  w?is  at  fome  diftaBce  fronj 
the  vapours  of  the  horizon.  Thofc  in  general  whp 
faw  it,  agreed  that  it  was  larger  than  any  other  fix- 
ed ftar,  or  even  any  of  the  planets,  except  Venui: 
it  prefcrved  it's  liiftre  and  fize  for  about  three 
weeks;  from  this  time  it  grew  gradually  fmallcr. 
Kepler  fuppofes  that  it  difappeared  fome  time  be^  I 
tween  0(flobcr,  1605,  and  the  February  following 
but  on  what  day  is  uncertain. 

Befides  thcfe  fcveral  re-^ppareni  ftars,  fo  wclj 
characterized  and  eftablilhcd  by  the  earlieft  among 
the  modern  aftronomers,  there  have  been  manydit 
covered  fince,  by  Caffini,  Maraldi,  and  others; 
Mr.  Montancre  fpcaks  of  haying  obferved  abovt 
one  hundred  changes  among  the  fixed  ftars. 

Proper  Motion  of  the  Stars. 

Many  ftars  have  been  found  to  alter  their  po- 
fition  with  rcfpcct  to  thofc  to  which  they  were 
adjacent,  and  this  change  of  polition  has  been 
termed  the  proper  motion  ofthefiars. 

The  proper  motion  of  Sirius,  Caftor,  Procyon, 
Pollux,  Rcgulus,  Ardurus,  and  Aquilae,  in  106 
years  in  right  afccnfion,  are  rclpedtively,  i  minute, 
3  feconds ;  i  minute,  28  fcconds  ;  i  minute,  33  fc- 
conds ;  4T  fcconds ;  2  minutes,  20  feconds ;  and  57 
fcconds.  The  proper  motion  of  Sirius  in  declination, 
in  a  century,  is  2  minutes;  and  of  ArcJturus  is  3 
minutes,  21  feconds,  both  tending  to  the  fouth. 

The  apparent  brightnefs  of  fome  of  the  fixed 
ftars  is  obferved  to  be'  periodic.     The  ftar  Algols 
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m  -Mcdufa's  headj  has  been  obferved  long  fince  to 
:  np^pcar  of  diiferent  magnitudes,  at  different  times^ 
*  The  pe;riod  of  it  has  been  lately  fettled  by  J.  Good- 
rick,  Efq.  of  York,     It  periodically  changes  from 
fhe  firft  to  the  fourth  magnitude;  the  time  em- 
]>loycd  from  one  greateft  diminution  to  the  other, 
[    ^(ras,  anno  1783,  at  a  mean  2  days,  20 hours,  49  mi- 
\-    ^ates,  3  feconds.     The  changes  are  thus:  during 
I   four  hours  it  gradually  diminiflies  in  luftre ;  during 
f'  ithe  fucceeding  four  hours,  it  recovers  it's  firft  mag- 
Ik;  .ilQitude  by  a  like  gradual  increafe ;   and  during  the 
•  iremaining  part  of  the  period,  namely,    2  days,  1 2 
lioursj  49  minutes,  3  feconds,   it  invariably  prc- 
icrves  it's  greateft  luftre  -,  after  the   expiration  of 
l?hich  term,  the  diminution  again  commences. 

The  caufes  of  thefc  appearances  cannot  be  af- 
iigned  at  prefent,  with  any  degree  of  probability  ; 
perhaps  they  have  fome  analogy  to  the  Ipots  on  the 
liiiij  which  at  fome  times  appear  in  greater  num- 
bers than  at  others,  fome  of  them  bigger  than  the 
whole  earth ;  or  perhaps  they  are  owing  to  fome  real 
xnocions  of  the  ftars  thcmfclves. 

There  are  feveral  ftars  that  appear  fingle  to 
the  naked  eye,  which  arc,  on  examination  v/ith  a  telc- 
fcope,  found  to  confift  of  two,  three,  &c.  The 
number  of  double  ftars  obferved  before  the  time  of 
Dr.  Herfchel,  was  but  fmall ;  but  this  celebrated 
aftronomer  ha^  noted  upwards  of  four  hundred; 
among  thefe,  fome  that  are  double,  others  that 
are  treble,  double  double,  quadruple,  double  treble, 
and  multiple  ;  his  catalogiu!  gives  the  comparative 
fize  of  thefc  ftars,  their  colour  as  they  appeared  to 
him,  with  feveral  other  v\.Ty  curious  particulars, 

HeRschel   on    thk    Constrl'Ction    of    the 

Umversi:. 

Before  T  '  :  the  fuhjccl  of  the  fixed  ftars, 
I  Ihall  cndcav  've  jou  an  account  of   Dr. 
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Hcrfchcl's  ideas  of  the  conftruition  oftheunivi 
Former  aftronomers  had  fuppofcd,  that  our  fi 
belides  occupying  the  center  of  his  own  fyftc 
"was  alfo  the  center  of  the  univerfc;  and  that  the 
fidcrial  heavens  might  be  properly  reprefentcd  oi 
the  concave  furface  of  a  fphere:  but  thefc  are  iB 
adapted,  fays  the  Dodor,  for  a  delineation  of  tbt 
^interior  parts  of  tlic  heavens.  Being  able  to  pene- 
trate into  thefe  regions  by  means  of  large  tele-J 
fcopes,*  we  may  now  confider  them  as  a  naturalift 
regards  a  rich  extent  of  ground,  or  a  chain  of 
mountains,  containing y/nz/uvarioufly  inclined  and 
direc/cd^  and  compofed  of  very  different  materials. 
He  gives  ftrong  reafons,  deduced  from  a  fcrics  of 
©bfervations,  as  well  as  coniiderations  drawn  fronn 
analogy,  to  prove  that  the  vilible  fyftem  of  naturCi 
ivhich  we  call  the  univerfc,  conlifting  of  all  the  cc- 
leftial  bodies,  and  many  more  than  can  be  fcen  by 
the  naked  eye,  is  only  a  group  of  ftars>  or  funs,  with 
their  planets,  conftituting  one  of  thofe  patches  cal- 
led a  nebula;  and  this  is,  perhaps,  not  one  tea 
thoufandth  part  of  the  univerfe. 

Dr.  Hcrfchjel   found  that  his  large  telefcopc  ] 
completely  refolvcd  the  whitilh  appearance  of  the 
Via  Lactea  into  ftars.     Having  viewed  and  guaged 
this  bright  zone  in  all  directions,  he  found  it  com- 
pofed o\  Ihining  llari?,  uhofc  number  conftantly  in- 
creafcs  and  diminilhes,  in  proportion  to  it's  appa- 
rent brightncfs  to  the  naked  eye.     There  is,   fays 
he,  no  doubt  but  that  the  milky  way  is  a  moft  ex- 
tcnlive  ftratum  of  Itars  of  various  lizcs,  and  that 
our  fun  is  one  of  the  heavenly  bodies  belonging  to 
It. 

The  portion  of  tlie  milky  way  that  he  firft 
obfcrvtd^    uas   that   about   the   hand  and  club  of 

Orion; 

*  Dr.  Ilcrfchcrs  ohfcrvations,  on  which  this  ihfory  is  found- 
ed, were  made  with  a  NVwionian  rcikclor,  ot  20  feet  focal 
Li  i^tb,  and  an  aperture  of  18  inches. 
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Srion;  here  he  found  an  aftonilliing  multitude  of 
%arSj  which  he  attempted  to  number;  by  eftimat- 
ing  the  number  contained  in  the  field  of  his  telc- 
Ccope  at  once,  ai)d  computing  from  a  mean  of  thefe, 
how  many  might  be  contained  in  a  given  portion 
of  the  milky  way,  in  the  mod  vacant  places  about 
tliat  part,  he  found  63  liars ;  other  fiK  fields  con- 
tained no,  60,  70,  90,  70,  and  74  ftars ;  a  mean 
of  thcfe  gives  79  for  the  number  of  ftars  in  each 
field:  fo  that  allowing  15  minutes  for  the  diameter 
of  his  field  of  view,  a  belt  of  15  degrees  long,  and 
2  degrees  broad,  could  not  contain  Icfs  than  50,000 
ilars,  large  enough  to  be  dilVmctly  numbered ;  bc- 
fides  which,  he  fufpcdled  twice  as  many  more, 
which  could  be  feen  only  now  and  then  by  faint 
glimpfes,  for  want  of  fuHicient  light. 

It  is  very  probable,  that  the  great  ftratum,  cal- 
led the  milky  zva\\  is  that  in  which  the  fun  is 
placed,  though  not  in  the  very  center  of  it's  thick- 
Jicfs.  This  is  gathered  partly  from  the  appear- 
ance of  the  galaxy,  which  feems  to  cncompafs 
the  whole  heavens,  as  it  certainly  muft  do,  if  the 
Sm  is  within  the  fame.  For,  fupp^^fc  a  number 
of  ftars  arranged  between  two  parallel  planes,  in- 
finitely extended  every  way,  but  at  a  given  con- 
ildcrablc  diftance  from  each  other,  and  calling 
this  a  Jiderial'  jlralHm^  an  eye  placed  feme  where 
within  it,  will  fee  all  the  ftars  in  the  diredtion  of 
the  planes  of  the  ftratum  projcded  into  a  great 
circle,  which  will  appear  lucid  on  account  of 
the  accumulation  of  the  ftars ;  while  the  reft  of 
the  heavens,  at  the  ftdcs,  will  only  fccm  to  be 
fcattered  over  with  conftellations,  more  or  Icfs 
crowded,  accordin<^  to  the  diftance  of  the  planes, 
or  numbers  of  the  Iturs,  contained  in  the  ihickncfs 
or  tides  of  the  ftratum. 

If  the  eye  were  placed  without  the  ftratum, 
i)ut  at  no  very  great  diftance,  the  appearance  of 

the 
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the  ftars  within  it  would  aflimic  thC'form  of 
of  the  Icfler  circles  of  the  fphcrc :  which  woaUj 
be  more  or  lefs  contraded,  according  to  the  M^ 
tance  of  the  eye :  if  this  was  cxceedingljcincroM,' 
the  whole  Ilratum  might  at  lad  be  drawn  intoa^ 
lucid  fpot  of  any  ihapc^  according  to  the  po&JNi 
length,  and    height    of  the  (Iratum.     What  to 
been  inftanced  in  parallel  planes^  may  be  aSf\ 
applied  to  (Irata  irregularly  hounded^  and  rumuig 
in  various  diredions ;  and  thus  any  kind  of  cur- 
vatures, as  well  as  various  degrees  of  brightndiit 
may  be  produced  in  the  projedlion. 

From  appearances,  he  infers  that  the  fun  ii 
placed  in  one  of  the  great  ftrata  of  the  fixed  fiirii 
and  very  probably  not  far  from  the  place  where 
fome  fmallcr  flratum  branches  out  from  it.  Such 
a  fuppofition  accounts  for  all  the  phenomena  of 
the  milky  way  with  great  eafe  and  (impiicitjr, 
while  every  liar  in  the  ftratum  will  have  it's  owa 
galaxy,  with  only  fuch  variations  in  form  and 
lullre,  as  may  arife  from  their  particular  iituation. 

There  is,  lays  Dr.  Herfchel,  a  remarkable 
clcarncfs  and  purity  in  the  heavens,  when  wc  look 
out  of  our  Ilratum  at  the  fides,  that  is,  towards 
Leo,  Virgo,  and  Conui  Berenices,  on  one  fide,  and 
towards  Cceus  on  the  other;  whereas  the  ground 
of  the  Iicavens  becomes  troubled,  as  we  approach 
towards  the  Icngch  or  height  of  it.  Thefe  troubled 
appearances  arc  ealily  to  be  explained,  by  afcrib*? 
ing  them  to  fome  of  the  diftant  draggling  ftars, 
that  hardly  yield  light  enough  to  be  dillinguiflied; 
but  when  wc  look  towards  the  pole  of  our  fyllem, 
where  the  vifual  ray  docs  not  graze  along  the  fide, 
the  ftraggling  flars  of  courfe  will  be  very  few  in 
ninnbcr,  and  therefore  rlic  ground  of  the  heaveni 
will  appear  much  purer  and  more  clear. 

Dr.  Herfchel  points  out  the  methods  when 
by  the  fun's  place  in  the  fidcrial  ftratum  may 

afcerca 
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tained,  but  thefe  demand  more  previous  know- 

c  than  is  neceflary  in  an  introduftory  Ledlurc 

the  prefent.     After  this,  he  lays  down  fomc 

oiitions  on  the  fubjedV,  taking  a  point  of  view^ 

very  remote  pericxl  of  time,  and  an  immcnfe 

Jice  of  fpace ;  thefe  for  the  fame   rcafon  wc 

leave  untouched,  and  proceed  to  his  view  of 

[leavens  from  our  own  retired  ftation,  in  one 

he  planets,  attending  to  a  ftar  in  it's  great 

bination  with  number! efs  others;  and  in  order 

nveltigate  what  will  be  the  appearances  from 

contradled  iituation,   let  us  begin  with   the 

rd  eye. 

The  ftars  of  the  firft  magnitude,  being  in  all 
)ability  the  neareft,  will  furnifti  us  with  a  ftep 
)Cgin  the  fcale.  Setting  off,  therefore,  with 
diftance  of  Sirius  or  Ardurus,  for  inftance, 
nity,  we  Ihall  at  prefent  fuppofe,  that  thofc 
le  fecond  magnitude  are  at  double,  thofe  of  the 
d  at  treble  the  diftancc,  &c.  Taking  it  for 
ited,  then,  that  a  ftar  of  the  feventh  magni- 
:  (the  fmallcft  vifible  to  the  naked  eye)  is 
Jt  feven  times  as  far  as  one  of  the  firft,  it 
)ws,  that  an  obferver  who  is  inclofed  in  a 
mlar  clufter  of  ftars,  and  not  far  from  the 
:er,  will  never  be  able,  by  his  naked  eye,  to 
to  the  end  of  it;  for  fincc,  according  to  the 
going  eftimations,  he  can  only  extend  his  view 
bout  feven  times  the  diftancc  of  Sirius,  it  can- 
be  expcdled  that  his  eyes  ftiould  reach  the 
iers  of  a  clufter,  which  has  perhaps  no  lefs 
i  50  ftars  in  depth  every  where  around  him. 
:  whole  univcrfe  therefore,  to  an  oblervcr  con- 
i  to  unadifted  vilion,  will  be  comprized  in 
!t  of  conftellations  richly  ornamented  with 
Cered  fti^rs  of .^^ze$.  Or,  if  the  united  bright- 
^,of  a  JieiglilpPP^vClufter  of  ftars  fhould,  in 
*'****'  ^ach  his  fight,  it  will 

put 
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put  on  the  appearance  of  a  fmall,  faint,  whitifb 
nebulous  cloud,  not  to  be  perceived  without  the 
greatcft  atteiition.  Let  us  fuppofe  him  placed  in 
a  much  e.xtcnclcd  ftnitum,  or  branching  clufter  of 
millions  of  ftars :  here  the  heavens  will  not  only 
be  richly  fcatrercd  over  with  brilliant  conftel- 
lations,  but  a  fliininj^  zone  or  milky  way  will  be 
perceived  to  furround  the  whole  fpherc  of  the 
heavens,  owing  to  the  combined  light  of  the  ftars 
that  are  too  remote  to  be  fcen;  our  obferver's 
fight  will  be  fo  confined,  that  he  will  imagine 
this  fingle  collecftion  of  ftars,  though  he  does  not 
perceive  the  thoufandth  part  of  them,  to  be  the 
whole  contents  of  the  heavens.  Allowing  him 
now  the  ufe  of  a  common  tclcfcope,  he  begins  to 
fufpcd  that  all  the  milkincfs  of  the  bright  path, 
which  furrounds  the  fphere,  may  be  owing  to  flan: 
he  perceives  a  few  cluftcrs  of  them  in  various^ 
parts  of  the  heavens,  and  finds  alfo  that  there  is 
a  kind  of  nebulous  patches  ;  but  ftill  his  views  are 
not  extended  to  reach  fo  far  as  to  the  end  of  the 
ftratum  in  \^hich  he  is  fituated  ;  fo  that  he  looks 
upon  thcfc  parches  as  belonging  to  that  fyftcm 
which,  to  him,  fccms  to  comprehend  every  ce- 
leftial  object.  He  now  incrcafcs  his  power  of 
vilion,  and  applying  himfcif  to  a  clofer  obfcrva- 
tion,  finds  that  the  milky  way  is  indeed  no  other 
than  a  colledion  of  very  fmall  ftars:  he  perceives 
that  thofe  objects,  which  had  been  called  nebulse, 
are  evidently  nothing  but  chillers  of  fiars;.  their 
number  increafes  upon  him;  and  ^\hilrt  he  re- 
folves  one  nebula  into  ftars,  he  difcovers  ten  new 
ones  that  he  cannot  rcfolve.  He  then  forms  the 
idea  of  immenfc  flrata  of  fixed  flars,  of  clutters 
of  ftars,  and  of  ncbuhr,  till  goinjj;  on  with  fuch- 
interefting  obfervations,  he  loon  finds  that  all- 
thefe  appearances  arife  from  the  confined  iituation 
^a  which  we  arc  placed.     Conjincd  it  may  be  juft- 
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y  called,  though  contained  in  no  fmaller  a  fpace 
iian  what  appeared  before  to  be  the  whole  region 
>f  fixed  ftars,  but  which  now  hasaffumcd  the  fhape 
>f  a  crookedly  branching  nebula;  not  one  of  the 
Icaft,  but  probably  very  far  from  being  the  nioft 
:onfidcrabIe,  of  thofe  numberlefs  clutters  that  en- 
Dcr  into  the  conftrudtion  of  the  heavens.  Dr.  Her- 
fchel  confirms  thcfe  ideas  by  a  feries  of  obferva- 
tions^  and  thinks  it  will  be  found  upon  the  whole, 
chat  this  view,  with  all  it*s  confcquential  appear- 
ances, as  fcen  by  an  eye  inclofed  in  one  of  the 
nebulae,  is  no  other  than  a  drawing  from  nature, 
wherein  the  features  of  the  original  have  been 
:lofely  copied;  and  Dr.  Herfchcl  hopes  the  rc- 
femblance  will  not  be  called  a  bad  one,  when  it 
Ihall  be  confidered  how  very  limited  muft  be  the 
pencil  of  an  inhabitant  of  fo  fmall  and  retired  a 
(pot  of  an  indefinite  fyficm,  in  attempting  the  pic- 
ture of  fo  unbounded  an  extent. 

In  the  mod  croudcd  parts  of  the  milky  way, 
he  has  had  a  field  of  view  of  588  ftars,  and  thcfe 
continued  for  many  minutes  ;  fo  that  in  one  quar- 
ter of  an  hour's  time,  not  lefs  than  1 16,000  fiars 
have  paflcd  through  the  field  of  his  telefcope:  he 
endeavours  to  Ihcw,  that  the  powers  of  his  tele- 
fcope are  fuch,  that  it  will  not  only  reach  the  fl:ar« 
at  497  times  the  diftance  of  Sirius,  fo  as  to  difl:in- 
guiln  them,  but  that  it  alfo  (hews  the  united  luftrc 
of  the  accumulated  ftars  that  compofe  a  milky  nc- 
buloiity  at  a  far  greater  diftance.  From  thcfe  con- 
fiderations,  it  is  highly  probable,  that  as  his  20  feet 
telefcope  does  not  Ihcw  fuch  a  ncbulofity  in  the 
milky  way,  it  goes  already  far  beyond  it's  extent ;  and 
therefore  a  more  powerful  inlhumcnt  would  re- 
move all  doubt,  by  ocpoiing  a  milky  ncbulofity  be- 
yond the  ftratum,  which  could  then  no  longer  be 
millaken  for  the  dark  ground  of  the  licavcns. 
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To  the  foregoing  arguments,  we  may  add  tbc 
following,  drawn  from  analogy.  Dr.  Herfchcl  fays, 
that  among  the  great  number  of  fieiul^e  which  he 
has  already  fcen,  amounting  to  more  than  900^ 
there  are  many,  in  all  probability,  equally  extenfive 
with  that  which  we  inhabit ;  and  yet  they  arc  all 
fcparatcd  from  each  other  by  very  confiderable  in- 
tervals. Some,  indeed,  there  are,  that  feem  to  be 
double  ami  treble;  and  though  with  moft  of  them 
it  may  be,  that  they  are  at  a  very  great  diftance 
from  each  other,  yet  he  does  not  mean  to  fay  that 
there  are  no  fuch  conjundlions  ;  though  there  may 
be  alfo  fome  thinly  fcattered  folitary  ftars>  not  yet 
drawn  into  fyftcms  ;  their  number  cannot  be  very 
confiderable :  a  conjefture  that  is  abundantly  con- 
firmed, in  fituations  where  the  nebulae  are  near 
enough  to  have  their  flars  vifible  ;  for  they  are  alt 
infulated,  and  generally  to  be  feen  upon  a  very  clear 
and  pure  ground,  without  any  ftar  near  them,  that 
might  be  fuppofcd  to  belong  to  them:  and  though 
they  may  be  often  fccn  in  beds  of  Itars,  yet  from 
the  fizc  of  thefc  (lars,  we  may  be  certain  that  they 
are  much  nearer  to  us  than  thofe  nebulae,  andbe-^ 
long  undoubtedly  to  our  own  fyrtcm. 

The  Origin  or  Nl'bllous  Strata. 

Dr.  Hcrfchcl  thinks  the  nebula  that  we  in- 
habit, has  fewer  marks  of  profound  antiquity  upoa 
it  than  the  rell ;  h:iving  previoufly  fuppofe'd  that 
the  condcnfaiion  of  clullcrs  of  Ihirs  is  to  be  afcri-> 
J)ed  to  a  {gradual  approach;  the  number  of  ages  that 
muft  have  pull  b^'forc  fome  of  the  rlufters  could  be 
fo  far  conJcnfcd  as  they  arc  at  present,  makes  hiia 
naturally  afcribc  a  certain  air  ot  \outh  and  vigou 
to  many  \ciy  rep;ula;]y  fcattered  regions  of  our^ 
dcrial  fyftcin.  There  are  many  places,  whc 
afierts  that  there  is  reafon  to  believe,  that  th< 
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3  if  we  may  judge  from  appearances,  ate  now  draw- 
ihjg  towards  various  fecondary  centers,  and  will,  in 
-{ time,  feparate  into  difFcrent  clufters,  fo  as  to  occa- 
:  i  ihm  many  fub-diyifions.  Our  fyftem,  after  num- 
=  ijcrs  of  ages,  may  be  divided  fo,  its  to  give  rife  to  i 
r  Rratum  of  two  or  three  hundred  nebulse. 

An  Opening  In  Tris  Heavens. 

~  Some  parrs  of  our  fyftem  fecm  to  have  already 

"  Ibftained  gi-eater  ravages  from  time  than  others : 
5  in  the  body  of  the  Scorpion,  there  is  an  openings 

dr  hole,  which  is  pi-obably  owing  to  this  caufe^  ir 

is  4  degreeis  broad. 

A  PERFORATED  NeBULA,  OR  RiNG  OF  StaRS; 

Amdng  the  curiofities  of  the  heaveiis,  Ihould 
be  placed  a  nebulsl  that  has  a  regular  concentric 
^-  dark  fpot  in  the  middle,  arid  is  probably  a  ring  of 
ftars ;  it  is  of  an  ovdl  fhape ;  in  tlic  northern  fide 
3  very  faint  ftars  may  be  fcen,  as  alfo  one  or  two 
in  the  fouthern :  the  vertices  of  the  longer  axis 
feerh  left  bright,  and  not  fo  well  defined  as  the 
l-efh 

t^LANCTARY    NsBUL/lv. 

Thefc  are  fo  named  from  fi  fingularity  of  ap- 
pearance, which  renders  it  difiicult  to  clals  thcrn. 
Theii"  light  is  fo  uniform  and  vivid,  the  diameters 
ib  fmall  and  well  defined,  as  make  it  improbable 
thit  they  (hould  be  common  nebula  :  if  nebula\ 
they  thuft  be  comprefiedj  and  condcnfcd  in  the 
bighclt  degree. 
f^  'rhough  the    words    r^'-.'^-  '*^.i:ioH    anJ   clujier 

i     bf teri  occur  in  the  forcgoi*i  :  lOr  we  are  by  no 

I    m cam  to  infer,  thmt  any  oi  al  bodies,  in 

Vol*  IV.  ^  our 
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thc}'  alfo  vanifhj  and  become  bright  like  the  xcftof 

the  furfacc. 

The  fpots  arc  more  frequent  at  fomc  periods 
than  at  others ;  in  fome  years^  the  fun's  di(k  ha$ 
for  many  months  been  pcrfe<ftly  free  from  them; 
in  others^  he  has  for  months  been  more  or  lefiob- 
fcured  by  fpots:  the  mod  remarkable  phenomena 
of  thcfc  fpots,  as  obferved  bj*  Schenier  aind.  Hevc 
lius,  are  as  follow:  i.  Every  fpot,  which  hasi 
nucleus,  or  dark  part,  hath  alfo  an  umbra^  or 
fainter  (hade,  furrounding  it.  2.  The  boundary 
betwixt  the  nucleus  and  umbra  is  always  diftinft 
and  well-defined.  3.  The  incrcafe  of  a  fpot  is 
gradual,  the  breadth  of  the  nucleus  and  umbra  di- 
lating at  the  fame  time.  4.  In  like  manner,  the 
decreafe  of  a  fpot  is  gradual,  the  breadth  of  the 
nucleus  and  umbra  diminilhing  at  the  fame  time. 

5.  The  exterior  boundary  of  the  umbra  never  con- 
fif>s  of  fliarp  angles,  but  is  always  curvilinear,  how 
irrcii*.j!iir  focvcr  the  outlldc  of  the  nucleus  mav  be. 

6.  Tr.e  nucleus  of  a  fpot,  whilft  on  the  decreafe, 
often  chano;cs  it's  figure,  by  the  umbra  incroaching 
irregularly  upon  it,  Infomuch  that  in  a  fmall  fpacc 
of  time  new  incroachmcntsare  difcernable,  where- 
by the  bo'jndary  between  the  nucleus  and  the  um- 
bra is  perpcrually  varying.  7.  It  often  happens, 
that  by  thefe  incroachments  the  nucleus  of  a  fpo: 
is  diviijtd  into  two  or  more  nuclei.  8.  The  nuclei 
of  the  fpors  vanilh  before  the  umbra.  9.  Small 
umbrcV  are  often  fecn  without  nuclei.  10.  A  larf;c 
umbra  i^,  feldoni  ftcn  without  a  nucleus  in  the  mid- 
dle of  it.  II.  When  a  fpot,  which  confiftcd  of  a 
nucleus  and  an  umbra,  is  about  to  difappcar,  if  it  be 
not  fuccecded  by  a  facula,  or  fpot,  brighter  than  the 
relt  of  the  dilk,  the  place  it  occupied  is  in  a  very 
litile  tiiT'iC  not  to  be  perceived. 

In  the  Philof.  Tranf.  vol.  Ixiv.  the  reader  will 
find  feveral  curious  obfcrvations  on  thefe  fpots,  by 
rrolciror  VVilion.and  the  Rev.  Mr.  Wolaftbn.  The 

lattej 
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latter  gentleman  fays,  he  once  faw,  with  a  twelve- 
inch  refledlor,  a  fpot  burft  to  pieces,  while  he  was 
looking  at  the  fun ;  the  appearance  was  to  him  as 
chat  of  a  piece  of  ice,  when  daftied  on  a  frozen 
pond,  which  breaks  to  pieces,  and  Aides  in  various 
4iredtion8. 

The  fpots  are  by  no  means  confined  to  one 
part  of  the  fun's  difk,  though  we  do  not  know  that 
any  have  been  obferved  about  his  polar  regions. 
Though  their  direction  is  from  ealt  to  weft,  yet 
•jhc  paths  they  defcribe  in  their  courfe  over  the 
di(k,are  exceedingly  different,  fomcftimes  being  in 
ftrait  lines,  fometimes  in  curves ;  at  one  time  de- 
fcending  froni  the  northern  to  the  fouthern  part  of 
the  di(k,  at  other  times  afcending  from  the  fouthern 
to  the  northern  part. 

The  larger  fpots,  moft  of  which  exceed  the 
vrhole  earth  in  apparent  magnitude,  laft  a  con- 
fiderahle  time,  fometimes  three  months  before 
they  difappear,  at  which  time  they  are  generally 
converted  into  fpots  exceeding  the  reft  of  the  fun 
in  brightnefs.  The  general  opinion  concerning 
their  nature  is,  that  they  are  volcanoes,  or  burn- 
ing mountains  of  immenfe  lize;  and  that  when 
the  eruption  is  nearly  ended,  and  the  fmoke  dif- 
iipated,  the  fierce  flames  are  expofed,  and  appear 
as  luminous  fpots.  D.  Wilfon  fuppofes  them,  on 
the  other  hand,  to  be  excavations  in  the  luminous 
matter  (or  atmofphcre}  that  environs  the  body  of 
the  fun. 

The  diameter  of  a  fpot  near  the  middle  of  the 
dilk,  is  meafured  by  comparing  the  time  it  takes 
in  pafling  over  a  crofs  hair  in  a  tclcfcope,  with 
the  time  wherein  the  whole  diik  of  the  fun  paflcs 
over  the  fame  hair.  It  may  alio  be  meafured  by 
'a  micrometer.  Hcvclius  obferved  a  fpot  that  roic, 
and  vaniflied,  in  16  or  17  hours.  None  have  bctn 
obferved  to  continue  longer  than  70  days. 

Q  3  Of 
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Of  the  Moon. 

When  wc  look  at  the  moon  with  the  naked 
€ye,  wc  difcern  a  great  number  of  irregular  fpots 
on  her  diflc,  diftinguifhed  by  their  dark  colour 
from  the  brighter  or  more  glaring  parts;  but 
when  viewed  through  a  telefcope,  their  number 
is  prodigioufly  increafed  ;  and  it  is  perceived,  that 
many  of  thefe  appearances  are  occafioncd  by  vaft 
obfcurc  pits  or  cavities,  and  elevations  or  moun- 
tains. The  fpots  in  the  moon  always  keep  thcif  j 
places,  not  being  moveable  like  thofe  of  the  fun.  \ 
Sometimes  more  or  lefs,  of  the  northern,  and  '\ 
fouthern,  and  eaftern,  and  weftern,  part  of  the  j 
difk  is  feen,  which  is  owing  to  what  is  called  her  - 
libration. 

Thefe  mountains  and  cavities  are  known  to  be 
fuch,  from  the  fliadow  they  caft.     In  the  firft  and 
fecond  quarters,  when  the  light  of  the  fun  falU 
obliquely  upon  them,    the  elevated  parts  caft  a 
triangular  (hadow  on  the  fide  oppofite  to  the  fun; 
whereas,  with   rcfpedl  to  the  cavities,  thefe  have 
that  fide  which  is  oppofite  to  the  fun  illuminated, 
and  that  which  is  next  the  fun  is  dark  and  ob- 
fcure,  the   fame   as    would  happen    to   a   hollow 
bafon,  placed  on  a  table  at  fome  diftance  from  a 
candle,  in  a  room  where  there  is  no  other  light. 
The  Ihadows   fliortcn  as   the  fun   becomes    more 
dirc<;ily  oppofed  to  the  anterior  face  of  the  moon,  . 
and  at  length  difappcar  at. the  time  of  the  full. 
During  the   third  and   laft  quarters,  tht  (hadows 
appear  again,  but   all   fall   towards   the  contrary 
fide  of  the  moon,  though  ftill  with  the  fame  dif- 
tindion,  namely,  that  the  mountains  are  dark  and 
fliady   on  the  fide  f^irthcft  from  the  fun,  and  the 
pits  arc  dark  on  the  fide  next  the  fun. 

The  full  moon  is  a  very  plcafing  fight  through 
a  telefcope,  and  has  a  great  variety  of  luftre  and 

colour  i 
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colour;  but  it  is  not  the  face  on  which  todifcovcr 
the  mountains,  thefe  are  beft  feen  at  the  incrcafe 
Or  decreafe;  for  befides  the  evidence  derived  from 
the  Ihadows,  we  may  then  fee  the  tops  of  thefe 
inoiintains  catching  the  rays  of  the  fun  before  they 
reach  that  part  of  the  furface  on  which  their  bot- 
toms are  placed. 

On  April  19,  1787,  Dr.  Herfchel  obfcrved 
(bme  appearances  on  the  furface  of  the  moon, 
Which,  judging  by  analogy  from  things  perceived 
here  with  us,  he  thought  he  might  term  volcanoes;, 
Three  of  thefe  he  obfcrved  in  different  places  of 
the  dark  part  of  the  moon  ;  two  of  them  appeared 
nearly  extindl,  or  going  to  break  out;  the  third, 
as  an  aftual  eruption  of  fire,  or  luminous  matter.* 
On  the  20th  it  burnt  with  greater  violence,  and 
might  be  computed  to  be  about  three  miles  in 
diameter:  the  eruption  refembled  a  piece  of  burn* 
ing  charcoal,  covered  by  a  thin  coat  of  white 
alhes;  all  the  adjacent  parts  of  the  volcanic  moun- 
tain were  faintly  illuminated  by  the  eruption, 
and  were  gradually  more  obfcurc  as  they  lay  at 
a  greater  diftance  from  the  crater.  Dr.  Her- 
fchel had,  in  1783,  obferved  an  eruption,  fomc- 
U'hat  fimilar  to  that  of  the  foregoing  volcano, 
[ndecd  an  appearance  of  this  kind  had  been  feen 
before,  by  Don  Ulloa,  in  an  eclipfeW*the  fun. 
[c  was  a  fmall  bright  fpot,  mar  the  margin  of 
the  moon,  which  he  fuppofed  to  be  a  hole  with 
the  fun's  light  fliining  through  ir. 

That  the  moon  is  fur  rounded  by  an  atmo- 
fphere,  is  rendered  probable  by  many  obfcrva- 
tions  of  the  r)lar  eclipfes,  in  \\hich  the  edij;e  or 
limb  of  the  {'.\n  was  ol)fervcd  to  tremble  ]vA\  be- 
fore the  beginning.  The  pLinrts  are  likevsife  ob- 
ferved to  change  their  figure  from  rc^uui  to  oval, 
|uft  before  the  beginning  of  an  occ  ulcation  be- 
hind the   moon,  which   can  be  acrribuced  to   no 

Q  4.  other 
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other  caufe  than  tl^at  their  light  is  rcfradted  hj 
being  fecn  through  the  moon's  atmorpherc.  Thtf 
ve  lee   no  clouds^  will  not  appear  furprizing,  if  1 
we  confider  that  the  lunar  pays  an4  nights  af?  1 
thirty  times  as  long  as  our's;  it  will  be  eafytp  ' 
conceive,  that  with  them  the  phenomena  of  va- 
pours  may  be  very  dift'crcnt  from  wifat  they  arc 
jvith  us ;    perhaps  their  clouds  and  win*  if  any, 
may  be  cpndenfed  into  vifible  quantities  pnly  dur* 
Ing  the  abfence  of  the  fun,  and  of  courfe  when 
they  muft  be  in  vifible  to  us. 

Mtrcury  being  at  all  times  near  the  fun,  wjc 
can  only  diftinguilh  by  the  telefcope  a  variation  of 
his  figure,  which  is  fometimes  that  of  a  half  mooOt 
fometimes  a  little  more  or  Icls  than  half. 

Fenus^  when  in  the  form  of  a  crcfccot,  and 
ft  her  brighteft  times,  aiFords  a  nxore  pleafing 
telefcopic  view  than  any  other  of  the  heavenlf 
bodies;  her  furface  is  dive rfi lied  with  fpots,  like 
thofc  of  the  moon ;  by  the  motion  of  thefe,  the 
time  flie  takes  up  in  revolving  upon  her  axis  is 
iiifcovered.  With  a  powerful  telefcope,  moun-' 
tains  like  thofe  in  the  moon  may  be  lien. 

Mars  appears  always  round  and  full,  except 
at  the  time  of  the  quadrature,  when  it's  4ifl^  ap- 
jpears  like  that  of  the  moon  about  three  days  after 
the   full,     hy  the  fpots    which   are  fcen  on  it's 
furface,    it's   diurnal    revolution   has   been   afccr- 
raincd.     From    it's   charaderiltic   ruddinefs,  and 
from  other  phenomena,  it  has  been  fuppofed  that 
it's  atinofphcre  is  nearly  of  the  fame  dcnfity  with 
pur's.     Dr.  Hcrfchcl   has  oblVrved   two  white  lu- 
minous circles  furrounding  the  poles  of  this  planet; 
thefe  are  luppofcd  to  arife  from  the  fnpw  lying 
about  thofe  parts. 

The  appearance  of  Jupiter  through  a  tele- 
fcope, opens  a  vaft  field  for  fpeculative  inquiry. 
The  furface  is  not  equally  bright,  but  is  diftin- 

guifhed 
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liflied  by  certain  bands^  or  belts,  of  a  dulkier  co- 
jr  than  the  reft  of  the  furface,  running  parallel 
each  other,  and  to  the  plane  of  it's  orbit.  They 
^  not  regular  or  conftant  in  their  appearance; 
metimes  only  one  is  feen,  at  other  times  eight 
vc  been  feen ;  their  breadth  is  likewife  varia- 
e,  one  belt  growing  narrow'  while  another  in 
s  neighbourhood  becomes  broader,  as  if  one 
d  flowed  into  the  other ;  in  this  cafe  an  obliqi^ 
It  has  been  obferved  to  lie  between  them,  as  if 
r  the  purpofe  of  forming  a  communication, 
imetimes  one  or  more  fpots  are  formed  between 
e  belts,  which  increafe  till  the  whole  is  united 

one  large  dulky  band.  There  are  alfo  bright 
ots  to  be  difcovercd  on  Jupiter's  furface ;  thefc 
e  rather  more  permanent  than  the  belts,  and  rc- 
►pear  after  unequal  intervals  of  time.  There 
arkable  fpot,  by  whofc  motion  the  rotation  of 
ipiter  on  his  axis   was  afcertained,  difappeared 

1694,  and  was  not  feen  again  till   1708,  when 

re-appeared  exadly  in  the  fame  place,  and  has 
•en  occafionally  feen  ever  fince.  The  difappear- 
kce  and  rc-appcaring  of  the  fpots  is  not  fo  won-* 
Tful  as  the  changes   that    have    been  obferved 

the  belts;  the  elder  Caflini  faw»one  evening 
fc  belts  upon  the  planet,  but  while  he  was  view- 
g  them,  they  underwent  the  mod  furprizing 
lange.  In  an  hour  from  their  fulled  appear- 
ice  there  remained  only  thiee  out  of  five,  and  one 

thefe  fcarce  perceptible.  The  mod  remarkable 
lefcopic  appearance  of  this  planet,  are  the  fateU 
:es,  but  thefe  I  have  particularly  defcribed  under 
c  head  of  fatellites. 

Though  th«  great  diftance  of  the  planet  Sa^ 
rtiy  and  the  tenuity  of  it's  light,  do  not  per- 
il us  to  dirtinguifh  the  varieties  of  it's  furface; 
:t  fome  of  the  firit  difcoverics  made  by  the  tele- 
ope  were  on  this  planet,  and  the  ring  is  dill  one 

of 
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bright  flrcak  upon  Saturn  which  was  not  pcr- 

tncnt,  being  vifible  one  day,  difappcaring  the 

cxt,  when  another  came  into  view  near  the  edge 

"  his  dilk.     Dcfides  theft:  there  are  it's  Jive  fatcl- 

mentioned  under  their  proper  head. 

Of  Comets* 


Comets  are  a  kind  of  ftar$,  appearing  at  un- 
cded    times    in  the  heavens,  and   of  fiugular 
various    figures,  defcending  from   far  diftant 
its  of  the  fyihm,  with  great  rapidity,  furprifmg 
v\:h  the  lingular  appearance  of  a  train,  or  tail; 
after  a   flmrt   11 1\,  are   carried  off  to  dillant 
Sons,  and  difappear. 
They  were  mugincd  in  ancient  times  to  be 
ligies   hung  out    hy    ihc    immediate   hand    of 
in  the   heavetiv,    and  intended   to  alarm  the 
^rld.     Their   Jiaiure    being    now    better   under- 
i,  they  nrc  no  longer  terrible*     But  as   ihcrc 
'ill  many   who   ihmk    them   to   be   Iv  ivrtjy 
portcnts  of  futuiT   events,  it   nav  '^iot 
,.  er  to  inform  you,  tl  at  the  Anhitetl  of  the 
^erfe  has  framed  every  part  according  to  divine 
W5er,  and  fubjcrcled  all  things  to  laws  and  rcgula- 

ti«;  chat  he  docji  not  hurl  at  random  ftars  and 
Ids,  and  diforder  the  fylUm  of  the  whole  glorious 
ne,  to  produce  falfc  apprehenfions  of  diOant 
^jents,  fears  without  foundation,  and  withour,  ufc* 
^Mi^ion  glories  in  the  teft  of  rcafon,  of  knowlcvigc^ 
mSk  of  true  wifdom;  it  is  every  w^ay  coniKUcd 
^'ith,  and  is  always  elucidated  by  them.  Frdm 
philofophy  we  may  learn,  that  the  more  the  works 
t>f  the  Lord  arc  undcrllood,  the  more  he  muft 
be  adored;  and  that  his  fupcrintendancy  over 
'portion  is  more  clearly  evinced^  and  more 

fully 
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diftance  from  the  fun,  approach  the  neareft  to  him 
at  their  return. 

Their  motion  in  the  heavens  are  not  all  di- 
rcdl^.or  according  to  the  order  of  the  figns,  like 
thofe  of  the  other  planets.  The  number  of  thofc 
which  move  in  a  retrograde  manner,  is  nearly 
equal  to  thofe  ^vhofe  motion  is  diredl. 

The  orbits  of  moft  of  them  are  inclined  in 
very  large  angles  to  the  plane  of  the  ecliptic. 

The  velocity  with  which  they  move  is  va- 
riable in  every  part  of  their  orbit;  when  they 
are  near  the  fun,  they  move  with  incredible  fwift- 
nefs  ;  when  very  remote  from  him,  their  motion 
is  inconceivably  flow. 

When  they  appear,  they  come  in  a  diretS 
line  towards  the  fun,  as  if  they  were  going  to  fell 
into  his  body :  and  after  having  difappcared  for 
feme;  time,  in  confequence  of  his  extreme  bright- 
nefs,  they  fly  oft'  on  the  other  fide  as  fafl:  as  they 
came,  continually  lofing  their  fplendor^  till  at  laft 
they  totally  difappcar.  Their  apparent  magnitude 
is  very  different,  fometimcs  feeming  not  bigger 
than  the  fixed  fliars,  at  other  times  equal  in  oizU 
meter  to  Venus.  Hevelius  obfcrved  one  in  1652, 
which  was  not  inferior  to  the  moon  in  fi^e,  thotigh 
not  fo  bright ;  it's  light  pale  and  dim,  it's  afpcft 
difmal. 

A  greater  number  of  comets  are  feen  in  the 
hcmifphcrc  towards  the  fun,  than  in  the  bppofitc ; 
and  arc  generally  invifibic  at  a  finallcr  diftancc 
than  that  of  Jupiter.  Mr.  Brydonc  obfcrved  one 
at  Palmero,  in  July  1770,  which,  in  24  hours, 
defcribcd  an  arch  in  the  heavens  upwards  of  50 
degrees  in  length;  fo  that  if  it  was  far  diftant 
from  the  fun,  it  ajj^  have  moved  at  the  rate  of 
upwards  of  60  r  f  miles  in  a  day. 

They  differ  n  from  the  other  planets, 

confining  of  a  il  body,  which  Ihincs 

with 
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with  the  refiecled  light  of  the  fun,  and  is  cncom- 
paflTcd  with  a  very  large  atniofphere,  apparently 
of  a  finer  marter,  much  refcnr»bling  chat  of  the 
aurora  borcalis;  this  is  called  the  head  of  the 
comet,  and  the  internal  part  the  nucleus.  When 
a  comet  arrives  at  a  certain  diftance  from  the  fun, 
an  exhalation  arifcs  from  it,  which  is  called  the  nil 

The  tail  is  always  directed  to  that  part  of  the 
heavens  which  is  directly  or  nearly  oppolitc  to  the 
fun,  and  is  greater,  and  brighter,  after  the  comet 
has  paflcd  it's  pcrihelium,  than  in  it's  approach  to 
it ;  being  greateft  of  all  when  it  has  juft  pad  the 
perihclium.  The  tail  of  the  comet  of  1680  was 
of  a  prodigious  lize,  extending  from  the  head  tea 
diftance  fcarcely  inferior  to  that  of  the  fun  from 
the  earth. 

No  fatisfadoPL-  knowledge  has  been  acquired 
concerning  the  i  julc  of  that  train  of  light  which 
accompanies  the  comers.  Snme  philofophers  ima- 
gine, that  it  is  the  rarer  atmofphere  of  the  comet 
impelled  by  the  llin's  rays.  Others,  that  it  is  the 
atmofphere  of  the  comet,  riling  in  the  folar  atmo- 
fphere  by  it's  fpccific  levity  ;  v. hilc others  imagine 
that  it  is  a  phenomenon  of  the  fame  kind  with  the 
aurora  borcalis;  and  that  this  earth  would  appear 
like  a  comet  lo  a  fpcctator  placed  in  ano:her 
planet. 

The  number  of  the  comets  is  certainly  very 
great,  conliderably  beyond  any  cRirnation  thaj 
might  be  made  Irom  the  obilrvaLions  we  now  pof- 
fcf^. 

There  are,*  who  do  not  think  the  prcfent  af- 
troncmy  of  comets  well  cflablilhcd  ;  and  that  as  fa 
many  fmall  ones  arc  frequently  feen,  they  think 
that  nothing  can  be  determined  with  certainty, 
till  fome   better  marks  arc  difcovcred  for  diftin-' 

guifliiniz 
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juifhing  one  from   another,  than  any  at  prefent 
:no\vn  ;  and  that  even  the  accomplilhment  of  Dr.' 
Galley's  prediction  is  uncertain  :  for  it  is  very  fin- 
jular,  that  out  of  four  years,  in  which  three  comets* 
|>peared,  the  only  one,  in  which  no  comet  was  to' 
»c  ften,  fhould  be  that  very  year  in  which  the 
reateft  aftronomers  that  ever  exiftcd  had  foretold' 
he  appearance  of  oncv;  and  in  accounting  for  it's 
ion-appearancc,  Mr.  Clairault   woufd   have  been 
qually  fupported  by  comctic  evidence  ;*  whether 
e  concluded  the  comer  to  have  been  retarded  or 
ccclerated  by  the  adion  of  Jupiter  and  Saturn:  a 
omet  appeared  in    1757,  as  w^ll  as  in  1755,  and 
ad  he  determined  the  retardation  of  the  comet  to 
e  twice  as  great  as  he  did,  another  appeared  in 
760  to  have  verified  his  calculations. 

Of  a  Plurality  of  Worlds. 

The  fixed  ftars  are  generally  fuppofed  to  be  of.' 
be  fame  nature  with  our  fun,  each  of  them  attend-' 
d  by  planets,  which  are  inhabited  by  rational' 
reatures  like  this  earth. 

Inftead,  therefore,  of  one  fun,  and  one  world, 
:e  find  that  the  region  of  unbounded  fpace  is  peo- 
led  with  funs,  and  ftars,  and  worlds.  This  opi- 
ion  has  been  held  and  taught  by  many  of  the  moll 
clebrated  philofophers  and  aftronomers,  both  in 
ncient  and  modern  times  :  in  this  view  of  things, 
ur  fyftem  rcfembles  a  fingle  individual  of  fome 
ne  fpecies  of  being  inoutv.ard  nature,  diverfificd 
rom  all  it's  fellow  individuals,  by  differences  un- 
fi!ential  to  the  kind  and  fpccics  ;  but  which  con- 
:itute  that  beauty,  which  arifcs  from  uniformity 
midft  variety. 

That  the  fixed  ftjqrfj  Tans,  (hining  by  their 
wn  light,  is  probable  ■  nt  of  their  immcnfc 

dillancc 

*  '''h^re  docs  not  indcc  icncc  to  prove  the 

^f  the  fame 
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diftmce  finom  as ;  fir  as  it  is  rmpofliblc  thai 
fhde  diflanrgf  tbcj  coold  be  fetn  by  any  rdle< 
of  lig^  fnmi  tbefini^   it  is  natural  to  fyppofe 
cndawed  with  a  povcr  of  emitting  light  from  didi 
oiin  bodCcs.    Bj  coai}         j;  the  apparent  ditmeti 
oTolqccls'atdiflEcicnc  :es,  it  is  clear  rut 

fiuLVouki  appear  liki  j^  j^r.  werr  he  removed 
die  diftancc  at  which  they  mc  placed;  and  tl 
therefore  it  is  truly  rcafonable  to  fuppofc, 
fixed  ftars  are  equal,  if  not  fuperior  in  ma^  ^ 
to  that  which  is  the  center  of  our  fyfteoi ;  and  that 
they  are  made  for  the  fame  paipofes  with  the  ftiiit 
to  beflow  light,  hear,  and  vegetacion,  on  a  certain' 
^wttlii>r  of  planets  revolving  round  cheni. 

Of  their  immenfc  dilkncc  from  its,  and  the 
iraftnefs  of  the  fpace  they  occupy^  the  reader  majr 
fi>nn  faaic  idea,  when  he  is  told,  that  numbcn 
amongft  them  are  at  too  great  a  ditlance  to  be  adc^ 
quately  cxprefled  by  figures,  and  beyond  the  reach 
afadmeafurement;  and  this  will  be  heightened,  if 
heconliders  that  the  fmallcft  of  the  ftars  viribkr0 
the  eye  are  much  more  remote  than  the  largeroucs, 
and  that  the  telefcope  difcovers  ftars  which  arc  too 
diftant  to  be  perceptible  to  the  naked  eye :  thai 
the  inftrument,  like  our  eyes/  has  it*s  limits;  btir 
the  extent  of  the  heavens  has  no  bounds^  ,  * 

The  fixed  ftars  being  fo  far  removed  frdnni^  aiw 
fbr  the  fnoft  part  invifibie  to  us;  it  can  fcarcelybei' 
conceived  by  the  narroweft  mind>  that  they  fonn 
a  part  of  our  fyftem,  or  were  created  only  ta  givif' 
a  faint  glimmering  light  to  the  inhabitailts  of  diis 
globe :  for  one  additional  moon  would  have  afFordtd^ 
us  more  light  than  the  whole  hoft  of  ftars  ;  fudj 
opinion  is  unworthy  of  our  rcafon,  inadeq 
our  conceptions  of  the  Deity.  It  would  be  allS, 
furd  tofCippofe,  that  the  author  of  nature  had  ill 
fo  many  funs  without  ptanets,  to  be  enlighten 
their  light,  and  vivified  by  their  heat ;  b'at'ff 
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imagine  fo  many  habitable  worlds  enlightened 
funs  without  inhabitants;  wc  may,  therefore, 
fcly  conclude^  that  all  the  planets,  of  every  fyftem, 
;  inhabited^ 

This  reafoning  is  (till  further  ftrcngrhened,  by 
iGdcring  the  immenfity  of  the  ftarry  heavens, 
[which  are  innumerable  hods  of  ftars,  created  as 
means  to  fome  great  end.  From  revelation  wc 
that  the  ulcimate  end  of  creation  is  the 
ling  of  heaven  with  men.  Thefc  rcfplcndent 
are  clearly  then  the  mediums  of  exigence  to 
i  many  earths,  and  of  men  upon  them,  created  to 
:  happy  eternally  with  their  God,  *'  ihe  one  eternal 
Yrft  /^  ^/^-f-"  "Every  ftar  is  thus  the  center  of 
magnificent  fyftem,  attended  by  a  retinue  of 
^worlds,  irradiated  by  it*s  beams,  and  revolving 
und  by  it's  adive  influence/'  Thus  the  great- 
els  of  God  is  magnified,  and  the  grandeur  of  his 
[ipirc  made  manifert.  He  is  not  glorified  on  one 
krth,  or  in  one  world,  but  in  ten  thoufand  times 
thoufand*  "If  we  could  wing  our  way  to  the 
kigheft  apparent  ftar,  wc  fhould  there  fee  other 
Itics  expanded,  other  funs  that  dittribute  their  in- 
xhaurtible  beams  of  day;  other  ftars,  that  gild  the 
titernate  night,  and  other  (perhaps  nobler)  fyftems 
"dlablifhcd  m  unknown  profulion,  through  the 
oundlcfs  dimenfions  of  fpace.  Nor  does  the  do- 
liinion  of  the  Sovereign  of  all  things  terminate 
crc;  even  at  the  end  of  this  vaft  tour  we  fliould 
nd  ourfelves  advanced  no  further  than  the  fron- 
Bcrs  of  creation,  the  commencement  of  the  great 
jtbazah^s  kingdom,' 

This  mode  of  reafoning  applies  with  greater 

CC  to  the  planets  of  our  own  fyflcm,  and  gains 

dditional  ftrcngth  from  other  confideratio.is.   For 

Vou  IV.  R  who 
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who  would  venture  to  aflert,  that  infinite  to 
and  confunmiatc  wifdom  had  formed  fuch  ii 
nienfc  material  inafles,  fome  of  which  exceed  c 
earth  in  lize,  convey  them  in  revolutions  rou 
the  fun.,  furnifli  them  with  moons,  grant  th 
the  alternate  changes  of  night  and  day,  vie 
fitudes  of  feafons,  and  all  this  only  to  emit  tii 
fcanty  light  on  our  earth. 

Or  who  that  has  fccn  any  engine,  a  windi 
for  inftance,  and  who  knows  the  ufc  of  it,  if 
travels  into  another  country,  and  there  fees  an 
gine  of  the  fame  fort,  will  not  reafonably  concl 
that  it  is  defigned  for  the  fame  purpofe  ?  So  when 
know  that  the  ufc  of  this  planet,  the  earth,  is 
an  habitation  of  various  forts  of  animals,  and 
fee  other  planets  at  a  diftance  from  us,  fbme  big 
fome  Icfs  than  the  earth,  moving  periodic 
round,  revolving  on  their  axes,  and  attended  \ 
moons;  is  it  not  highly  reafonable  to  concli 
that  they  arc  all  dcfigncd  for  the  fame  ufe  as 
earth  is,  and  that  they  are  habitable  worlds 
that  wc  live  in? 

'*  Who  can  conceive  them 

• unpoflcfs'd 

By  liviiij.!;  foul,  dcfcrt  aiui  dcfolate. 
Only  to  llunr,  yet  IVarcc  to  contribute 
Iiach  orb  a  gkani  of  light  ?" 

Or  that  the  .'//;,;/);/>/ V,  vcho  has  not  left  with 
drop  of  vvatcr  unpcopltj,  who  has  in  every  inft: 
multiplied  the  bound  of  lilc,  lliould  leave  fuch 
mcnfc  bodic::;  dillitutc  of  ir,habitant<  ?  It  is  fu 
much  more  rational  to  iiii-T^-ofc  thmi  the  pofle: 
of  human  beings.  bcin[>:s  fcnnicd  with  capac 
for  knowing,  loving,  and  fcr\ing  their  Almi| 
Creator;  bicfl  and  provided  with  every  objedl  C 
dueivc  to  their  happincfs,  and  many  of  them  : 
far  greater  Itate  of  purity  than  the  inhabit" 
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Tarth,  and  therefore  \n  poflinion  of  higher  dc- 

of  blifsj  and  placed  in  fituations^  furnilhing 

with  fcencs  of  joy,  equal  to  all  that  poctrvr 

painty  or  religion  promifc  :  all  under  the  di- 

tion^  indulgence,  and  protcclion  of  infinite  wif- 

and  goodnefs.* 

The  more  the  heavenly  bodies  excite  our  af- 
ifhmcnt,  from  their  fize,  their  diftances,  the 
ikrity  of  their  motions^  or  any  peculiarity  or 
Ffc(flit>n  we  difcovcr  in  thofe  atrraAions  by  which 
fy  fccm  retained  in  their  places,  the  more  clear 
to  any  reafoning  head  that  they  could  not  have 
ie  themfclves  :  and  that  clofc  connection  be- 
en caufcand  effeCl:,  which  the  farther  we  fearch 
more  clearly  we  difcern*  though  it  has  (lag- 
the  faith  of  many  a  celebrated  naturalill^  is 
If  a  proof,  if  he  had  nor  Hopped  fhort  of  the 
dufion,  that  all  thefc  muft  have  been  the  con- 
tvance  of  confummate  wifdom,  and  guided  by 
I  unerring  hand. 

Yet  at  the  fame  time  he  who  fees  that  every 
ic  corner  on  this  earth  of  our's  is  replete  with 
^imai  Jife,  though  but  one  race  on  it  feems  to  be 
iowed  with  reafoning  faculties,  cannot  but  be 
on  to  a  conjecture  at  leail,  that  all  thofe  vail 
hcs  he  difcovers  in  the  heavens  may  be  peopled 
ith  their  gradations  of  inhabitants  likewife  ;  and 
at  each  of  them  not  improbably  contains  it's  ra- 
^  beings  too,  to  acknowledge  and  adore  the 
ator  of  them  alL  So  tar  the  heathen  philofo- 
kr  may  go  :  though,  if  he  be  a  modcft  inquirer 
Jtcr  truth,  he  will  not  dogmatize,  or  enter  inro 
ff  particular  detail  of  uhat  is  fo  totally  out  of  hh 

But  the  chrirtian  may  perhaps  allow  himfclf, 
fiotto  dogmatize  on  his  part,  but  to  carry  his  conjee- 
R  2  tures 


»  Sec  ite  Rev.  Mr,  Wook^n's  Rcflcaions, 
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tures  a  few  fteps  farther.  Revolving  in  his  mind 
what  he  acknowledges  has  been  done  for  man, 
the  only  rational  inhabitant  he  knows  on  our 
earth  ;  and  confidering  that  God  has  fent  fomeof 
his  angels  or  meflengers  from  time  to  time  to 
declare  his  will  to  us;  and  has  moreover  fent  the 
Chrift  more  fully  to  reveal  it ;  whatever  others  miy 
think,  he  is  fatisfied  thereby  that  however  fmall 
we  are  in  this  vaft  univcrfe,  we  are  not  beneath  the 
notice  of  the  Ruler  of  it.  Loft  in  amaze  at  the 
greatnefs,  and  at  the  fame  time  the  goodnefs  of  the 
Deity  towards  us,  will  he  not  be  led  thereby  into 
a  more  full  acknowledgment  of  him,  and  more 
determined  refolution  of  obedience  to  his  will? 
This  fecms  but  the  rational  refult  from  fuch  a 
chain  of  thought. 

Yet,  if  that  thought  be  purfued,  fincc  the  in- 
habitants of  the  other  planets  of  our  fyftcm,  and  of 
the  many  fvftcms  there  may  be  among  the  num- 
bcrlefs  liars  in  the  vaft  expanfc,  muft  equally  be 
objects  of  the  Divine  favour  with  ourfelves ;  and 
fmcc  the  rational  inhabitants  of  fomc  few  or  more 
among  fo  many  myriads,  may  have  been  found  dif- 
obcdicnt ;  is  a  man  to  blame  for  thinking  that  if 
they  ftand  in  need  of  reftoration,  they  mull  be  full 
as  worthy  of  it  as  ourfelves  ;  and  may,  for  any 
thing  that  we  know,  have  been  already  redeemed, 
or  may  yt-t  be  to  be  redeemed,  when  and  in  what 
way  it  fl.ail  be  fccn  fitting  by  the  Almighty  Ruler 
of  us  all  ? 


(    H5    > 
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THE  caufcs  of  the  celcftial  motions  have  in  all 
ages  been  the  objedb  of  philofophical  curiofity. 
Men  have  generally  conduced  their  rcfcarchcs  on 
this  fubjeft  upon  principles  of  analogy.  Some  re- 
femblances  have  been  noticed  between  the  motions 
of  the  ccleftial  bodies,  and  other  motions  nearer 
at  handj  and  more  familiar  to  us  ;  and  the  fame  re- 
femblances  have  been  fuppofed  to  exill  between 
their  caufes« 

I  (hall  notice  four  of  thefe  different  refem- 
blancesj  or  analogies. 

1.  The  motions  of  the  heavenly  bodies  have 
been  thought  to  refemble  the  fpontaneous  motions 
oi  intelligent  beings^  Ariftotle,  Leibnitz,  Tucker, 
Monboddo,  and  fome  others,  both  in  ancient  and 
modern  times,  have  taught,  that  the  planets  were 
condu(5led  by  fpiritual  intelligent  beings. 

Though  accounts  of  the  celcftial  phenomena 
may  be  given  by  means  of  this  refemblance,  that 
are  chargeable  with  no  falfe  reafoning  ;  yet  as  they 
afford  no  explanation,  they  anfwcr  no  purpofe  in 
philofophy. 

2.  The  celcftial  motions  have  been  thought  to 
reprefent  the  motions  of  bodies  carried  about  cen- 
ters by  means  oi  Jolid  connections. 

This    notion   fuggelted    to   philofophers    the 

opinion,  that  the  planets  were  attached   to  folid 

orbs,  which  turn  n^  '  the  axis  of  revolution  :  this 

i^B    R  2  opinion 

*    *•  '^r**  I^obil  ■  Mechanical   Philofophy, 
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opinion  has  been  falfely  attributed  to  Ariftotlc.  It 
is  altogether  cniuradictory  to  our  ideas  of  the  ethc- 
rial  matter  that  occupies  ctleftial  fpare,  and  not 
calily  rvconcileablc  to  the  elliptic;  motion  of  the 

planets. 

•^.  The  celeftial  motions  have  been  thought  to 
rcfemble  the  motions  of  bodies  carried  round  by  a 
th\ii!.ihn\r  finiil.  Many  j)hilofophers  have  fuppofed 
I  he  phmcts  to  he  carried  round  in  fuch  vortices. 
Dtft'iirits  and  Lr:7'/:/iz  were  at  great  pains  to 
eUablil}!  this  dottrinc.  More  modern  iiriters* 
have  removed  the  diilu:ulties,  and  obviated  thcob- 
jtclions  made  to  this  fyftem.  It  will  therefore  be 
necefFary  to  lay  before  you  fome  of  the  arguments 
urged  in  it's  favour  ;  in  doing  this,  I  Ihall  be  under 
the  nccellity  of  repeating  fome  obfervacions  that  I 
have  before  made. 

Thefe  v.riters  urge,  that  fo  long  as  we  keep 
within  tb.e  lin.its  of  JijiuruLD-d rxperimnital  pbilofo' 
fby,  we  mi:fl  a(  f ounr  for  the  motions  in  nature,  by 
referring  them  loc  ,r-  r^ji  c.xuica  ;  and  where  this 
cannot  be  perioriiK-d  f:i[i>l;'.0!orily,  wc  mult  give 
them  u|i,  or  \\<i:i  v.  iiii  p:iLii:!K:e  for  fon\c  better 
clue  of  invv.ili'.,'r:()n,  vt  I'ouw  further  light  from 
c.^pc'rienvc-.  I*,  i^  (onrrM-;.  tu  found  j^hiloibphy  to 
anuifr  ouiiiKus  wiih  na:v.c'.>  :iiui  qualities,  which 
contr.;(iict  tic  kivown  hiv.s  (.-f  Muxlianifm,  and  fu- 
per]e;!c  llv  ciHrarioi^.  <.r  ilwj  cl:  lucnis. 

Noli. in;::  i^-  intfliii/^iiM;*  in  ;»i\iloiophy  but  the 
action  c.f  ni:iti(.r  \\yo:\  iviidcer  ;  tlic  power  of  impulfc 
i>  tiic  or.ly  l^';i!-.-:iL'  aiivi  oxi'.t-rir.v.-ntal  caufes  of  mo- 
tioii  ;  aii'.;  iV.cv:  i.s  liu^  firwrv/'-cii  preiumption  from 
annloj;-y  in  lavour  (-f  ihc  'iiiix  i.'iial  nKitciial  mecha- 
nifni  (j|  ir.c  i^pi:raiioivs  of  luir.i.-c.  All  oiii-jr  prin- 
ciples of  motion  arc  founded  uu  coniccturc,  and  ilt- 

capabk 

*    Joncs^  Pliyfi^.loeici!  I")ir«|iiirilioTis ;  IlITjv  on  the  Firft ' 

lies  c^f  Ndiujri'  i'iiiiii'.('j'i.\  ;  l>r.  A.  Wilton's  Oblcrvafi 
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capable  of  proof.  If  yon  ottcmpt  to  foar  above  this 
principle  in  theory,  you  are  always  obliged  to  dc- 
fcend  to  it  in  pradice.  Natural  philofophy  has 
been  principally  advanced  by  the  experiments 
which  have  been  made  on  the  elements  /  but  thefc 
experiments  prove,  that  ^natter  interferes  in  pro- 
ducing all  the  changes  and  motions  that  are  ob- 
fcrvcd  in  bodies  diftant  from  each  other. 

Look  into^  and  obfervc  the  operations  in  na- 
tures how  does  the  fun  a£I  upon  the  fruits  of  the 
earth,  but  by  the  mediation  of  it's  tight  ?  How 
do  the  clouds  water  the  earth,  but  by  the  mediation 
of  air?  How  does  the  chcmift  produce  fuch  won- 
derful changes  in  natural  bodies,  but  by  the  me- 
diation oi  fire  ?  In  a  word,  every  experiment,  every 
obfervation  proves,  thal>  in  all  cafes  where  diftant 
bodies  are  found  to  affedt  each  other,  there  is  al- 
ways fomcthing  to  mediate,  whether  we  do  or  do 
not  perceive  it  ;  and  when  this  mediation  can  be 
no  further  traced,  natural  philofophy  is  at  an  end, 
and  the  fidions  of  imagination  begin,  which  arc 
of  equal  value,  by  whatever  name  they  may  be 
called,  or  with  whatever  parade  of  dcmonftration 
they  may  be  introduced. 

It  is  very  fmgular,  they  obferve,  that  in- 
quirers after  pbyjical  truth  fliould  obfcrve  and  ac- 
knowledge mechanifm  in  the  greater  part  of 
nature,  and  yet  not  be  led  thereby  to  inquire,  whe- 
ther it  be  not  univerlally  extended  ;  the  more  fo, 
as  matter  and  motion  muR  have  the  fame  invari- 
able properties.  \i vapour  rifes  mechanically,  why 
may  not  ajlonc  d(fcemi  by  the  fame  law?  \i  JJuids 
circulate  in  organized  bodies  by  continued  impulfc, 
why  may  not  a  planet  revolve  in  the  organized 
(yftem  of  the  univerle  by  the  fame  caufc? 

All  tn^Dhiloiuphcrs  agree  in  confidcring  the 

univcrfcaJiwgt  machine,  fo  created,  htted,  and 

rj)f  GoDy  as  to  perform  all 

*"  j.  the 
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the  operations  which  are  carried  on  throughout  ilKlt< 
tihole.  There  is  a  connection  and  communicaikHil^'^ 
between  all  the  dirtant  parts  thereof.    No  one  p»rt|»i 
can  be  conliJcrcd  as  ading  without  being  aftei 
upon. 

It  is  highly  unphilofophical  to  aflert,  tint 
matter,  conlidcred  in  general,  or  any  part  thereof, 
h^L^rjJentijl  U'ptuwic  tj!i.:li:ieSt  by  which  one  part 
ad:s  upon  another.  It  is  the  eflcntial  property  of 
no  one  wheel  in  a  machine  to  move  it's  fellow, 
though  in  confequencc  of  it's  being  placed  in  the 
Itation  it  is  tUtcd  for,  it  acts  upon  it's  fellow,  bc- 
caufe  it  is  acted  upon.  If  you  interrupt  the  contaS 
in  a  niachinr,  you  dcfiroy  the  motion  in  all  thofe 
parts  where  the  communication  is  deftroyed. 

It  is  ju(t  the  fame  with  the  whole  fyftem  of 
nature,  you  cannot  take  up  any  parcel  of  matter, 
and  fay  of  it,  this  has  eUcntial  properties  which 
empower  it  to  be  a  natural  agent.  A  philofophcr 
ought  to  coi.'idcr  it  as  a  i:^ju'rrtc\  with  a  certain 
dilpolition  ol"  parts  li^.l^Ic-  ro  be  acred  upon  by  the 
fubtilcr  p-.uis  ot  the  n^.acliin.',  v  hich  can  by  no 
means  he  rciir:i:::cd  by  art  tlurefrom.  It  might 
be  as  iuUly  ;iIllTLi\i,  liiat  it  is  tlic  cfFcntial  property 
of  animal  i*iii:l*anLc.s  to  /.:■.'■,  11^  :h:it  it  is  the  effen- 
tial  property  ot  \.\\c  IcMviilojic  to  iittyj!"/. 

The  pruir.oLcrs  oi  ilic  opl.iioii  now  under  con- 
fidcnition,  urge  UiriiuT,  il^.at  every  known  ope- 
ration i:i  ivatLirc  is  vu rhAuijul ;  and  that  in  all  ex- 
periments, wliCrc  ihc  e.\j)i.;nacion  is  clear  and  cer- 
tain, tlie  ciiccts  arc  i>r.\1uced  by  matter  afting 
upon  matter  ;  a-^d  we  are  able  to  trace  this  mc- 
chanifm  in  fuch  a  variitv  of  irdlanccs,  that  un- 
I'.'fs  the  world ^  is  |:o\crnc'd  by  oj->pofite  and  con- 
tradictory pri'nciplcs,  it  uiuit  obtain  throughout 
the  whole. 

Tiii's  the  hoi[\  ^f  viivi,  which  is  the  highcT 
piece  oi  machinery   in  nature,  is  njade  toyir ' 
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Aear,  and /peak,  upon  mechanical  principles;  and 
it  dies  without  a  conllant  impreflion  of  a  mate- 
rial force  upon  it  from  the  clement  of  air. 

Again>  from  the  preflure  of  air,  the  mercury 
is  made  to  rife  in  the  tube  of  the  barometer.  /Ai/Y, 
/how,  and  vapour,  are  formed  in  the  atmofphere  by 
the  difference  in  it's  temperature ;  the  clouds  are 
fuftaincd  therein,  and  driven  about  to  water  the 
car(h ;  plants  grow,  and  are  nourifhcd  thereby. 

For  thofe  effects  where  the  caufe  is  not  fo 
obvious,  you  find  Jire  a  more  fubtil  agent,  whole 
reality  is  proved,  and  it's  operations  pointed  out 
both  by  obfervation  and  experiment.  It  may  be 
transferred  from  one  parcel  of  matter  to  another. 
It  will  enter  the  pores,  and  fill  the  interftitial 
vacuities  of  all  other  Aibftances.  It  acfts  with  a 
force  and  velocity  adequate  to  all  the  effeQs  we 
can  delire  to  afcribe  thereto.  It  gives  an  claftic 
force  to  air,  and  occupies  every  fpace  from  which 
the  air  is  cxhaulted.  In  fomc  cafes  it  ads  as  lighf, 
in  others  as  fire;  light  as  it  iliuminatcs  and  ren- 
ders objeds  vifible,  fire  as  it  burns  and  confumes 
what  it  a8s  upon. 

Thus  you  find  the  fluid  ciherial  matter  of  the 
heavens  afting  by  impulfe  on  the  folid  matter  of 
the  earth,  being  inllrumcntal  in  every  one  of  it's 
productions,  and^neceflary  to  every  ftated  pheno- 
menon of  nature. 

Wc  are  forced  by  the  evidence  of  every  phe- 
nomenon in  nature,  by  every  experiment  in  philc- 
fophy,  to  conclude,  that  impidje  ♦  is  the  only  ma- 
terial caufe  of  motion.  All  the  properties  of 
matter,  are  fuch  as  lit  them  to  act,  and  to  be  acted 
upon,  in  a  mechanical  way.     They  are  all  fuch  as 

can 


*  jblo  mechantc|||^^^H  fubfiR  without  a  plrrfum\  tins 

•■nift  DC,  whcrcv-^^^^™  »!  motion  (ubfilts.     Tlnz.  is  fo 

'-••f  a  conff  eing  cariied  on  by  impulfc, 
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can  be  adapted  to  the  known  principles  of  mechsu 
•nifm  among  artifts.  We  arc  therefore  bound  bjf 
every  rule  of  found  rcafoning,  to  conlider  it  asdic 
caufc  of  all  the  motion,  and  continuance  of  mo- 
tion, in  the  material  univerfe.  It  ij  the  one  certain 
and  only  univerfal  known  cauje.  Neither  the  pro- 
perties of  matter,  nor  experiment,  nor  obfervatioiii 
afford  any  other. 

No  independent  motion  can  be  difcovered.  It 
is  therefore  wrong  to  conlider  the  motion  of  any 
body  abftraftedly,  or  as  a  thing  by  itfelf.  The 
fyftem  of  nature  is  connected  and  related  ;  and  to 
be  underftood,  muft  be  coniidcred  under  thofe  re- 
lations and  connedlions.  Speculations,  which  cany 
you  out  of  the  world,  can  never  inform  you  how 
things  are  carried  on  in  the  world.  Matter  fub- 
iitling  as  a  part  of  the  created  world  has  motion, 
but  if  feparated  from  the  reft,  would  have  no  more 
motion  than  a  limb  divided  from  the  body;  and 
he  who  ftudies  the  nature  of  motion  by  taking 
matter  abftradtedly,  is  ftudying  motion  from  that 
which  has  no  motion  belonging  thereto. 

Another   flrong    argument   adduced    in  fa- 
vour of  this  fyltem,   is  derived  from  the  continue 
ance  and  permanency  of  the   motions  obferved  in 
nature.  That  there  is  an  univerfal  principle  of  mo* 
tion  throughout  the  fyftem  of  things,  is  felf-evi- 
dent.     We  know  that  matter  moving,  can  be  the 
caufe  of  motion   in  matter  at  reft ;  and  we  knoW 
of  no  other  pbyjical  caufe  capable  of  prcxlucing 
fuch  motion.     Here,  therefore,  we  muft  look  for 
the  caufes  of  permanent  motions. 

Of  the  motion  in  different  bodies,  it  is  ob- 
fervable,  that  fome  retain  the  motion  they  have> 
•acquired,  without  any  diminution,  while  others  are 
foon  reduced  to  a  flate  of  reft.  If 'ben  a  body  re^ 
tains  it's  motion  without  diminution^  it  is  moved 
by  fuch  caufes  as  would  rcneiv  it's  motion,   if  it 
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^e  flopped.  When  a  cloud  is  flying  before  the 
I,  the  fame  wind  that  drives  it  on,  would  rc- 
re  it's  motion,  if  it  could  be  (topped.  In  the 
le  manner  the  Jails  of  a  zvind-mill,  after  you 
fe  brought  them  to  a  ftate  of  refl,  and  even 
ifined  them,  will  receive  a  new  motion  from 
r  wind  as  foon  as  the  obftrudlion  is  removed.  If 
1  flop  the  motion  of  the  lungs  by  an  effort  of  the 
tfcles,  you  jfind  that  the  natural  caufes  that  a<3: 
on  the  body,  tend  to  renew  the  motion,  and  can- 
L  be  hindered  from  effcdling  it,  without  a  con- 
erable  effort. 

*•  Every  lafli7ig  motion  is  Juch  a  one  therefore^ 
\t  will  he  renewed  upon  it's  ozvn  principles.  This 
fervation  is  of  great  importance  towards  ac- 
unting  truly  for  the  undecaying  motions  of  the 
iverfe,  to  all  which  it  may  undoubtedly  be 
tended :  fo  that  if  it  were  pofTible  to  flop  the 
met  Jupiter  in  his  orbit,  the  eftablijhed  caufet 
It  aft  upon  him,  would  renew  his  motion  with- 
t  any  artificial  motion. 

A  body  continues  to  move  as  long  asthe  na- 
ral  caufes  of  motion  continue  to  acl  thereon  ;  and 
?,  which  is  mechanical  deaths  inevitably  follows, 
len  the^  caufes  of  motion   arc    no  donger  pre- 
it.     There  may  be  fubtil  cafes,  in  which  it  may 
as  hard  for  us  to  trace  the  caufes  of  motion^  as' 
Ihew  why    life  remains  for   fomc   time  in  an 
imal  body  under  water  without  refpiration.  Still, 
iwever,     the  general    aflcrcion    muft  be   true,  if 
ery  effecfl  mull:  have  it*s  caufe ;  for  then  to  every 
rmanent  cjfeft  there  mud  be  a  permanent  caufe. 
It   is   therefore  not  only  ahfiird,  bur  contrary 
tstvy  analogy   in   naruic,  to   luppofe  that  any 
the  dui1jdBlj|aotions  of  the  cclcitial  bodies  de- 
nd  upon^^^Vktf ///  a  viicuuvi  :  beca'ifc  if  you 
^^  ^^   ^^^Bf^HlL  *^^^'^'^  upon  th:,  princip^e^ 
/^have  *ncwing  it's  motion, 

'^    '^^^^  n,  and  thus  come  f 
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point  of  reft,  or  be  dead  and  niotionlefs  for  ever, 
without  forhe  miracle  to  give  it  a  new  motion;!^ 
but  this  being  contrary  to  the  conditions  of  cvoy 
undccaying  motion,  which  will  be  renewed  on  it^ 
own  principles  in  the  ordinary  courfe  of  nature, 
and  by  means  already  edabliflied,  is  not  to  be  ad- 
mittcd  into  philofophy. 

They  further  urge  as  a  reafon,  for  rejc&ing 
the  bypotbrjis  of  a  projcfiile  imptilfe^  that  it  obliga 
it*s  fiipporters  to  make  the  univerfe  a  vacunm: 
becaufe  rhofe  elements  which  arc  ordained  to  ad 
upon  matter,  and  keep  up  the  life  and  motion  of 
the  world,  would  (land  in  the  way,  and  hinder 
the  freedom,  and  difturb  the  operation  of  an  ima^ 
ginary  principle,  projtnion.  They  confiderpro- 
jcftion  not  only  as  an  hypf^tbaical^  but  asan^- 
tificial  and  unnatural  principle,  that  cannot  be 
proved  to  obtain  any  w  here  in  nature.  If  it  be 
received,  they  fay  it  mult  be  received  as  an  article 
oi  fiiitb. 

Experiments  have  been  made  with  a  eentrd 
force  macbi>n\  to  illiirtratc  the  doctrine  of  centri- 
petal and  centrifugal  forces.  But  they  by  no  means 
apply  to  any  cafe  in  nature,  for  the  moving  body 
is  always  conncclitcd  by  a  lino  to  it's  center  of  mo- 
tion ;  a  circuniftance  thcU  never  can  be  reconciled 
to  motion  in  a  vacin;ni,  where  no  connection  is 
fuppofed,  nay,  is  even  ol)jedcd  to  upon  prin- 
ciple, liut  thefe  cxperinienis  arc  ftill  turthcrde- 
licicnt,  becaufe  the  ieKlriJi^^al  force  being  a  con- 
fequcnce  of,  or  derived  ironi  the  artificial  revolu- 
tion of  the  whirling  body,  cannot  be  ufed  as  a 
caufe  of  the  motio:;:  for  it  is  the  nature  of  all 
cauft\s  to  be  pri<,y  to  their  clfeCr,  but  here  it  is 
poilerior;  the  l^ody  is  never  difpofed  to  fly  off  in  a 
tangent  till  it  has  acquired  it'F  revolution.  This 
force  can  therefore  never  be  applied  to  account 
for  any  of  the  cclcftial  motions,  becaufe  it  brings 
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pi  to  this  abfurdity,  that  there  is  nothing  to  ac- 
4tount  fop  the  motion,  but  the  motion  itfclfj  or  the 
jamfcquence  of  the  motion. 

The  fame  objedions  apply  to  another  iHuftra- 
tion,  namely,  calling  round  a  weight  fufpended 
in  a  fling,  and  even  further ;  for  the  power  of  the 
jQing  rcftraining  the  body  from  flying  oflf  in  a  tan- 
^ntj  bears  no  analogy  to  a  power  adlually  drawing 
the  moving  body  towards  it's  center  of  motion. 

It  has  been  objedted  to  this  reafoning,  that 
no  body  can  move  in  a  fpace  filled  with  matter^ 
commonly  called  a  plenum.  But  this  entirely  de^ 
fends  on  ibe  condition  of  the  matter y  and  the  cir^ 
cumjiances  of  the  moving  body :  if  the  matter  .filling 
the  fpace  be  a  fluid,  whofe  parts  can  eafily  Aide 
over  one  another,  they  will  be  able  to  move  in 
different  or  contrary  directions  at  the  fame  timCj 
and  while  the  place  of  the  whole  mafs  remains 
the  fame,  the  place  of  the  parts  of  which  it  is 
compofed,  may  be  continually  changing. 

T\it  fullnefs  of  the  fpace  is  therefore  no  ob- 
jeftion  to  the  free  motion  of  the  parts  of  any  fluid 
among  themfclves;  neither  is  it  any  objedlion  to 
the  motion  of  any  folid  body  in  fuch  a  fluid  me- 
dium. Though  a  vclfcl  be  filled  with  water  clofc- 
ly  flopped,  (and  the  fluid  fo  comprefled,  that  a  very 
fmall  point  made  to  enter  therein,  would  burft 
the  containing  veflel,'  yet  any  folid  will  move 
freely  therein  from  one  fide  to  the  other,  or  from 
the  top  to  the  bottom  ;  bccaufc  the  parts  of  the 
fluid  which  are  difolaccd  before,  fall  ihto  that 
fpace  behind,  quitted  by  the  body.  So  fafl:  as  the 
body  proceeds,  ]u\\  fo  fall  do  the  parts  of  the  fluid 
recede  ;  fo  that  there  is  neither  impediment  nor 
foacuity.  Xj^fame  is  true  in  other  cafes;  there 
may  be  a^B^provided  there  be  a  circulation 
^mong  thJ^^lk 

Wh<  is  moved  in  a  fluid  by  any 

arlifid 
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artificial  force  or  violence,  contrary  to  the  nature  ^^ 
the  medium  in  zvbiib  it  moves^  the  parts  of  the 
medium,  by  endeavouring  to  recover  their  natunl 
ftate,  will  rcfifi:  the  motion  of  the  body  till  the 
equilibrium  is  rcftorcd,  and  the  body  is  at  reft. 
Such  will  neceffarilv  be  the  cafe  of  all  violent 
motions;  it  is  loon  dcflroyed  by  rcfiftancc,  though 
the  time  in  which  it  is  dcrtroyed  may  differ  from 
a  variety  of  circumflances. 

But  on  the  other  hand,  //  the  motion  of  the 
body  arfj't's  from  ih*  motion  of  the  medium  in  tvhich 
it  i;e?-:vv,  then  the  rclillir.g  nature  of  the  medium 
16  no  longer  an  ohjccHon  to  the  motion  of  the 
body,  neither  can  it  be,  for  it  is  the  cau/e  of  it's 
motion  J  and  it  is  aliriiid  to  fuppofe,  that  the  caufe 
of  a  motion  can  refill  the  motion  it  caufcs.  No 
inference  therefore  from  the  nf fiance  of  mediums^ 
can  lead  us  to  the  nrcrj/J/y  nf  a  vacunm.  A  'vacuum 
is  only  necclFary  when  a  rr.otion  is  propofed,  which 
is  indi'pcndtiit  of  the  aciio;!  of  every  medium;  but 
nature  know:;  of  no  luch  morion. 

A  variety  of  motions  niay  be  exhibited,  for 
whofe  procliiv'Lion  the  pi\.-leiKc  ot"  a  rtpjln:^  hie- 
dinm  is  abfolutel)  \y^:j\..A\\  ii**J  they  thcw,  that 
fo  far  from  a  vacitu-iU  W\v^^  ntccilary  to  the  con- 
tinuance of  motion  in  any  fpace,  the  motion 
is  promoted  and  cccalioned  by  a  refilling  nudium. 
That  hxpotbetica!  tiain  of  reafoning  whicli  leads 
us  to  conclude,  that  it"  lels  matter  were  in  the 
fpace,  the  motion  \u)iild  be  more  free,  and  con- 
tinue much  longer,  is  as  unphilofophical,  as  it 
would  be,  if  in  order  to  enable  a  man  to  run  falkr, 
we  Ihould  rid  him  of  ihe  incumbrance  of  his  booK 
and  fpurs,  by  cuiting  oH'his  kgs. 

Air  is,  you  know,  a  y.'rilr.:-j  lurdinm^  yet  IP- 
ilc.id  of  reiarding   the   mouoa   of  ihc  lamp 
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hinc,  which  I  before  (hewed  yoiij  by  it's  relift^ 
ince  prcfcrvcs  that  motion ;  and  if  the  nnotion  be 
t  laft  difcontinued,  it  docs  not  arife  from  defedl 
ir  irregularity  of  the  caufe,  but  to  the  imper- 
bdtioii  of  the  materials.  If  the  materials  which 
St  acled  upon  would  but  continue  in  the  fame 
late,  the  motion  would  be  un retarded  as  long  as 
\irznAjire,  which  are  the  caufes  thereof,  fublift 
n  the  world.  In  this  experiment  the  caufes  arc 
lot  artificial  and  violent y  as  in  the  central  force 
nachine,  but  fuch  as  are  fupplied  by  nature  itfelf, 
n  it*s  regular  mode  of  adion  ;  which  both  begins 
.nd  continues  the  motion.  What  is  performed  by 
he  agents  in  nature,  in  the  one  cafe,  rnay  certainly 
>c  done  in  others.  The  planets  may  be  carried 
ound  in  their  orbits  by  the  fame  means.  The 
leavens  may  be  filled  throughout  with  an  etherial 
laid,  not  infinitely  rarificd,  unrefiftin^,  and  im- 
30tent,  but  denfc  and  continuous  in  it's  parts. 

The  writers  in  favour  of  the  mechanical 
yftcm  urge,  that  their  opponents  hiave  no  no- 
ion  or  means  of  rcfolving  their  axioms,  or  rela-. 
ive  laws  of  motion,  to  mechanifm,  but  coniider 
:hem  merely  as  laws;  another  word,  as  they  ufe 
t,  for  ultimate,  fpiritual,  unmerhiViicai  power.  As 
:he  penetration  of  fome  amongll  thi^m  has  ear- 
ned them  lb  far  as  to  fuppofe  an  imp.^lling  ethe- 
rial medium  for  niaintaining  atrradtion,  gravita- 
:ion,  &c.  &c,  it  is  rather  furpriling  that  they 
:ould  not  perceive,  that  the  iame  medium  was 
leceffary  for  fupportin^  their  laws  of  motion,  rcll, 
•efiftance,  &c.  for  the  ditliculty  docs  not  lie  in 
iccounting  for  gravitation,  or  any  particular  kind 
>f  motion,  but  in  finding  /J!3':x:mf  to  produce  and 
Maintain  n ion  on  in  geniJi].   If  thcfc  arc  jiaecha^ 

the  coftirh7er  may 

to  produce  the 

arc  uniiiecha- 

nical^ 
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nical,  you  may  call  them  laws,  properties,  or  any 
other  name,  cither  with  or  without  a  meaning. 
How  detrimental  it  is  to  the  increafe  of  knowledge 
in  the  powers  and  agency  of  nature,  to  have  the 
mod  curious  productions  of  thefe  powers  reduced 
to  unintelligible  \2i\\^,  characterized  by  words  with- 
out  meaning,  and  which  render  their  inventors  no 
wifer  than  the  moft  hcedlcfs  and  unatcentive! 

Without  injlrinueutal^  or  fecond  caufes,  there 
can  be  no  legular  courfc  of  nature  ;  and  without  a 
regular  courfe,  nature  could  never  be  undcrftood. 
The  order  and  courfc  of  things,  and  the  experi- 
ments we  daily  make,  fhew  that  there  is  a  wiW, 
that  governs  and  aduarcs  this  mundane  fyftem,  as 
the  proper  real  agent  and  caufe;  the  inferior  and 
inftrumental  caulc  fcems  to  be  fire ;  with  refbed 
to  attraUion^  it  cannot  produce,  and  in  that  fcnfe 
account  for  the  phenomena,  being  itfelf  one  of  the 
phenomena  produced  and  to  be  accounted  for. 
What  is  faid  of  forces  rcfiding  in  bodies,  whether 
attracting  or  repelling,  it  can  only  be  confidered 
as  a  mathematical  hypothefis,  not  as  any  thing 
real  and  exifting  in  nature. 

The  mechanical  agency  of  the  elements  ac- 
cords with  the  defcriptions  and  allufions  of  the  fa- 
cred  fcriptijres.  The  heathens  were  in  fome  de- 
gree acquainted  therewith.  When  this  dodlrine 
was  in  their  hands,  a  principle  of  intelligence  was 
afcribed  to  the  active  elements,  and  they  were  taken 
for  the  Gods  who  govern  the  world.  But  with 
thofe  who  are  taught  that  the  jrue  God  is  diftind 
trom,  ami  above  ihe  world  of  matter,  though  vir?* 
rually  prefent  by  a  providential  infpcftion  and 
i\]j)e:-inten(i:incc,  it  ferves  only  to  enlarge  and 
exalt  their  ideas  by  fi'tiing  before  then)  the  vifiblc 
i^videnre  of  Ji-rinr  .w/./v;;/,  uhii  h  with  fo  exquifitc 
I?.  conJr:va:ice,  and  Uuh  iiniplicity  of  defign,  hath 

adapt"^ 
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hyjical  caufcs  to  the  produdtion  of  ihcir 
dtivc  ctfcds. 

We  have  now  to  confider,  4thly,  the  matke^ 
teat  principles  of  phitofnphy.  The  cclcftial  mo- 
ha%c  been  thought  to  refembic  thofe  exhibit- 
to  us  in  the  phenomena  of  magnetifim  and 
icity;  thcfe  and  the  celeftia!  bodies /tv;/7  to 
upon  each  other  at  a  diftance,  without  any  ob- 
cd  intervening  impulfc*  Accordingly  many 
ofophers,  both  ancient  and  modern,  have  ima* 
|incd  chat  the  planets  arc  influenced  by  caufes 
iimilar  to  thofe  of  thcfe  more  familiar  pheno- 
mena. But  thcfe  philofophcrs  had  formed  no  ac- 
8 race  notions  of  the  agency  of  the  caufes  of  the 
|fions  from  which  they  attempted  to  derive  an 
planation;  neither  had  they  examined  attentive* 
1|  the  circumftanccs  of  the  motions  which  they 
mpted  to  cxphiin.  At  laft.  Sir  I^saac  New- 
contented  himfclf  with  an  invclligation  of  the 
ob/trvcd  in  the  agency  of  the  caufes  of  the 
flial  motions,  difcovcrcd  that  thcfe  laws  were 
fame  with  thofe  obfervcd  in  the  agency  of  the 
es  of  the  motion  of  common  heavy  bodies, 
from  this  difcovcry  gave  a  theory  of  mathC'^ 
teal  ajlronomy.  We  are  indebted,  however,  to 
ma,  for  the  generalization  of  the  fads,  which 
the  bails  of  the  mathematical  theory. 


Kepler's  firfl  law  is,  that  the  planets^  in  rc^ 
ving  round  tbefmt,  defirilft  equal  areas  in  equal 

Kepler's  fccond  law  is,  that  the  orlits  de/crih* 
^y  the  planets  are  ellipfes^  bailing  the  fun,  or  tbi 
nary  planet s^  in  i be  focus. 

Kepler's  third  law  is,  that  the  fquares  of  the 
fQU  IV.  S  perioJkal 
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In  a  curvilineal  motion  the  change  of  direc- 
tion is  meafured  by  the  angle  concaincd  between 
che  tangents  to  the  curve. 

A  cui-vf lineal  motion  is  therefore  always  a 
compound  Ttioiiow  ;  but  the  great  bodies  of  this  fyf- 
tcm,  as  the  planets,  move  round  the  fun  in  curve 
lines ;  on  thefc  principles  there  mud  therefore  be 
neceiTarily  two  powers  aclihg  on  them,  one  im- 
pelling them  to  move  in  a  ftrait  hne,  the  other 
defleding  or  bending  them  continually  towards  a 
center. 

You  may  therefore  confider  defieFIini  forces  as 
always  directed  (o  ox  from  a  point ;  in  the  iirft  cafe 
they  are  called  centripetal  forces,  in  the  fecond 
cafe  they  are  called  centrifugal  forces.  In  general, 
they  are  termed  central  forces;  and  the  point, 
through  which  their  direction  always  pafles,  is  cal- 
led the  center  of  the  forces. 

Among  the  various  curvilinear  motions  which 
may  arife  trom  the  action  of  central  forces,  there 
is  a  circumllance  in  w  hich  they  all  agree,  and  which 
jenables  the  mathematician  to  inveiiigate  the  forces 
by  which  they  are  produced. 

If  a  body  moves  in  a  curve  line,  A  B  C  D  EF, 
/'!s-  3>  P^'  ^5>  '^y  nicans  of  a  force  always  directed 
to  a  fixed  point  S,  the  curve  is  all  in  one  plane, 
and  the  areas  (A  S  B,  A  S  C,  A  S  D)  defcribed  by 
the  ftrait  line  Joiningrhe  body  with  the  point  S,  arc 
proportional  to  the  tunes  of  clcfcrijnion  ;  /.  e.  equal 
areas  are  defcribed  in  equal  linics,  unequal  areas 
in  unequal  rimes.  'Ihu^  the  triiv:i;^:{iiir  (irrjs  A  S  B, 
BSC,  CSl),  ixc.  dclcribcd  by  the  Itrait  line  join- 
ing the  body  with  the  point  S,  arc  proportional  to 
the  rimes  of  defcrijnion. 

Let  the  time  he  diviilv\i  into  equal  parts,  let 
the  body  l3|||Bi^  ^>i^  l\v-  an  ini-nilfe  ihnt  will  carry 
it  from  .Ar^  ^he  lirll  given  particle  of  time; 
then  in  tl^  iclc  it  would  go  an  equal 

^  fpac^*^^ 
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fpacc,  and  dcfcribc  the  line  B  c  equal  to  the  line 
AB. 

But  when  the  body  is  arrived  at  B,  let  a  dc-* 
fledling  (centripetal)  force  fo  adl  upon  it,  that  while 
it's  firrt  impulfc  would  carry  it  to  c,  the  deflcding 
force  would  carry  it  to  V ;  complete  the  parallelo- 
gram, B  V  c  c,  and  it  is  evident,  from  the  doclrine 
of  compound  forces,  that  the  body.w^ould  in  the 
fecond  particle  of  time  dcfcribe  the  diagonal  BC 

Now  as  C  c  is  parallel  to  S  V,  the  triangles 
S  B  C,  S  B,  are  between  the  fame  paralU  1  lines,  and 
as  fuch,  are  (by  geometry  proved  to  be)  equal ;  for 
the  fame  rcafon  the  triangles  S  C  D,  S  E  F,  arc 
proved  to  be  equal  to  S  B  A. 

If  any  number  of  thefe  triangles  be  added  to- 
gcther,  the  total  fams,  as  A  DiS,  FCS,  will  be  pro- 
portional to  the  times  v.  herein  they  arc  dcfcribcd. 

If  the  liner,  A  B,  K  C,  be  continued  round  a 
center,  they  will  foim  a  polygon,  diwd  if  the  fides  of 
llic  polygon  be  indefinitely  increafed  in  number, 
and  indefinitely  decreafecl  in  lenph,  they  will  form 
a  curve,  a  circlcy  or  an  cllipfis  :  and  the  propofition 
will  be  true  of  thefe  curves,  that  a  line  draun  from 
the  center  to  a  body  in  the  circumference  of  the 
circle,  or  from  the  focus  to  a  body  in  the  circum- 
ference of  the  clliplis,  will  Ji^'ccp  equal  areas  in 
equal  times. 

The  power,  therefore,  directed  towards  thz 
given  point  S  has  no  effect  on  the  magnitude  of 
the  area  defcribcd  by  the  line  fuppofed  to  be  drawn 
from  the  body  to  that  point.  It  may  accelerate 
or  retard  the  motion  of  the  body,  but  affects  not 
the  area  or  fpace  clefcribed  by  the  line.  The  line 
will  ftill  continue  to  defcribe  the  fame  fpaces  in 
equal  times,  about  the  given  point,  as  it  would 
have  dor.c,  if  no  new  force  had  acted  on  the  bod^ 
but  it  had  been  pcrnuttcd  to  proceed  uniforsj' 
Mic  line  of  uroic'-tion. 
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As  one  impulfe  towards  the  given  point  has 
ho  effei5l  on  the  area  or  fpace  defcribed  by  the  ray 
or  line  from  the  body  to  th^t  point,  fo  any  num- 
ber of  fucceflive  impulfes  diredled  to  the  fame 
point  can  have  no  effect  on  the  area;  and  if  you 
fuppofr  the  power  diredled  to  that  point,  to  adt 
continually,  it  will  bend  the  way  of  the  body  in 
motion  into  a  curve,  and  may  accelerate  or  retard 
it's  velocity,  but  can  never  affeA  the  area  defcribed 
in  a  given  time  by  a  line  fuppofed  to  be  drawn  from 
the  body  to  the  given  point,  which  will  always  be 
of  an  invariable  quantity,  equal  to  that  which  would 
have  been  defcribed  in  the  fame  time,  if  the  body 
had  proceeded  uniformly  in  a  right  line  from  the 
beginning  of  the  motion. 

The  converfe  of  the  foregoing  propofition 
(hews,  that  if  a  body  A  defcribes  a  curve  all  in 
one  plane,  and  if  there  be  a  point  S  fo  fituated 
in  this  plane,  that  a  line  drawn  therefrom  to  the 
circumference  defcribes  proportional  areas  in  pro- 
portional times,  then  is  the  body  urged  round  by 
a  force  tending  towards  that  center.  In  other 
words,  the  equable  increafe  of  the  areas  defcribed 
by  a  line  drawn  from  a  body  to  a  given  point,  is 
an  indication  that  the  diredion  of  the  power  that 
adits  upon  the  body,  and  that  dcfledts  it  into  a  curve, 
is  direded  to  that  point. 

By  the  fame  propofition  we  may  illuftratc 
and  explain  the  revohitions  of  the  primary  planers 
in  elliptical  orbits  (not  much  differing  from  cir- 
cles) round  the  fun,  who  is  in  one  of  the  foci 
of  each  ellipfis. 

Let  the  ellipfis  Ali  C  D  E  F  G  H  I  K  L  M, 
fi^.  4,  />/.  15,  reprefent  the  orbit  of  a  phmct  mov- 
ing therein  round  the  fun  S,  [iccordmg  to  the  order 
ot  the   letters,    th^  S    being   in   one   of  the 

foci    of  the  ellipl  ^g   time    of    it's  revo- 

lion  be  divided  ^^^fcpber  of  equal  parts, 

fuppufc 
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fuppofe  13,  in  moving  from  A  through  BCD, 
&c.  the  planet  approaches  nearer  the  fun,  and  the 
central  tendency  continually  increafing  it's  vela- 
^^^y>  ^^  goes  through  greater  arcs  in  equal  iimes, 
till  it  comes  to  G;  irorn  thence  it's  motion  cob* 
tinually  carries  it  to  a  greater  didance  from  the 
fun,  and  it  defcribes  in  equal  times  fmaller  and 
fmaller  arcs,  till  it  returns  to  A,  from  whence  it 
proceeds  as  before. 

Now  the  triangular  fpaces  palTed  over  by  a 
line  drawn  from  the  planet  to  the  center  of  the  fun 
will  be  equal,  becaufc  in  the  planet's  going  the 
firft  half  of  thecllipfis  from  A  to  C,  the  arcs  which 
may  be  contidcrcd  as  the  bafc  of  the  mixed  tri- 
angles defcribcd  in  equal  times,  grow  longer  and 
longer,  as  the  logs  grow  Ihorter,  fo  as  to  prcfcrvc 
the  equability  of  the  triangular  fpace :  in  the  other 
half  of  the  elliplis  in  the  planet's  going  from  Cto 
A,  the  arcs  grow  Ihortcr;  but  this  is  compenfated 
by  the  greater  length  of  the  legs. 

The  fum  of  what  has  been  proved  is,  i.  that 
the  areas  or  fpaces  revolving  round  an  immove- 
able center  are  proportional  to  the  times ;  and, 
2d,  that  if  a  body  revolving  round  a  center  de- 
fcribes about  it  areas  proportional  to  the  times, 
the  body  is  aduated  by  a  force  direded  to  that 
center. 

But  by  Kepler's  firft  law,  ue  know  *'that  ihc 
prim;iry  planets  defcnbc  round  the  fun,  and  ths 
Secondary  planets  dellribc  round  their  refpediv^ 
primary  planets,  areas  proportional  to  the  times," 
PVom  hence  it  is  infciTLd,  that  the  priniary  planets 
are  retained  in  their  orbits  by  forces  which  arc 
ahvays  direded  to  the  fun  ;  and  th:i:  the  fecondary 
plane:  s  aie  retained  in  iheir  or  oils  round  their  pri- 
mary pian.er.  I  y  forces  vhich  arc  alv\ays  dircd:ed 
to  liiolc  j:rimary  planets. 

kcplcr's  ftcond  law  is,  "That  the  orbits  defcrib- 
cd 
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ed  round  the  fun,  and  round  the  primary  planets,  are 
ellipfes,  having  the  fun,  or  the  primary  planet,  in 
the  focus."  From  hence  it  is  inferred,  that  the 
accelerating  force,  by  which  a  planet  is  retained 
in  the  different  parts  of  it's  elliptical  orbit,  is  in- 
vcrfely  proportional  to  the  fquare  of  it's  diftance 
from  the  fun,  or  from  it's  primary. 

Kepler's  third  law  is,  **  That  the  fquare  of 
the  periodic  times  of  planets  revolving  round 
common  centers,  are  proportional  to  the  cubes  of 
their  mean  diftances."  From  this  it  is  inferred, 
that  the  forcei,  by  which  the  planets  are  retained 
in  their  different  orbits,  are  inverfely  proporti- 
onal to  the  fquarcs  of  their  diftances  from  the 
fun.     The  fame  reafoning  applies  to  the  fatellites. 

Hence  it  is  alfo  inferred,  that  the  forces,  by 
which  different  planets  are  retained  in  their  dif- 
ferent orbits,  are  not  forces  of  different  kinds,  but 
the  fame  force  operating  at  different  diftances. 

The  fecondary  planets  accompany  the  pri- 
mary planets  by  the  adlion  of  a  force  always  di- 
rcdled  to  the  fun,  and  inverfely  proportional  to  the 
fquare  of  the  diftance  from  the  fun. 

^bat  the  moon  is  a  heavy  hody^  and  gravitates  towards 
the  earth  in  the  fame  manner  as  terrejlrial  bodies.* 

Sir  Ifaac  Newton,  confidering  that  the  power 
of  gravity  afts  equally  on  all  matter  that  is  on  or 
near  the  furface  of  the  earth,  that  it  is  not  fcnfibly 
lefs  on  the  tops  of  the  higheft  mountains,  that  it 
afFedts  the  air  and  reaches  upward  to  the  utmolt 
limits  of  the  atmofpherc,  was  induced  to  tliink  it 
might  be  a  more  general  principle,  and  extend  to 
the  heavens,  fo  as  to  att'cct  the  moon  at  Icalt, 
which  is  the  ncarcft  to  us  of  all  the  bodies  in  the 
fyftem.  He  afterwards  extended  this  principk  ftill 

S  4  111 ri her 

♦  Maclaurin's  Sir  ILac  Ncwion's  Difcoverics,  p.  214  to  "'^* 
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further,  and  flicwed,  that  the  planets  confiftcdof 
the  fame  gravitating  fubftance  of  which  the  earth 
is  formed. 

The  cffecfls  of  the  power  of  gravity  upontcr- 
rcftrial  bodies  may  be  reduced  to  three  clafln. 
r.  When  in  confcqucncc  thereof,  a  body  at  reft, 
fupportcd  by  ground,  fufpended  by  a  firing,  or  any 
othcrways  kept  from  falling,  endeavours  always  10 
move.  In  fuch  cafts  the  effect  of  gravity  is  mca- 
furcd  by  the  prcflurc  of  the  quiefcent  body  upon 
the  obllaclc  that  hinders  it's  motion. 

2.  When  a  body  dcfcends  in  a  vertical  line, 
it's  motion  is  then  continually  accelerated,  in  con- 
fc-qiicncc  of  the  inceflhnt  adlion  of  the  power  of 
gravity  ;  or  if  it  be  projcv^tcd  upwards  in  the  hmc 
rijxht  line,  it's  motion  is  continually  retarded  by 
the  fame  power  acting  inceifantly  upon  it  in  s 
contrary  dirc^Ttion.  In  fuch  cafes  the  power  of 
gravity  is  mcafurcd  by  the  acceleration  or  retarda* 
lion  of  the  motion  produced  in  a  given  time  by 
the  power  continued  unilbrmly  for  that  time.* 

3.  When  a  body  is  projected  in  any  direction 
diflerent  from  the  vertical  line,  the  direction  of 
it's  motion  is  tontiniiuUy  varied,  and  a  curve  line 
is  defcribid  in  confcciuencc  of  the  inccifant  aclicn 
of  gravity;  which  in  fuch  cads  is  meafirred  by 
the  Hcxurv-  or  curvature  ol  the  Hue  dcfcribed  by 
it;  for  the  power  r.nift  h.*  ltCcUcIi  that  dc Heels  the 
couifcot  the  boJy  n\{A\  from  the  t:ingc<nt  or  direc- 
tion in  which  it  was  prv/itctLcl. 

I'.HlcLs  of  ^ach  kino  (^t  the  power  of  gravity 
continually  fail  undir  yuiir  oblVrvations  near  ihc 
furface  of  the  eanh  ;  for  the  lame  power  which 
renders  bodies  heavy  while  tiie}  are  at  rclt-,  acc^ilc- 
rates  their  mction  uheri  t!u:\  .lifcend  perpendicu- 
larly, and   bciuis  their  nu/Lion  uito  a  curve  line 

ivhcA 

•  Sec  LctluTc  oil  Mechanics,. 
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^hcn  they  arc  projcdcd  in  any  other  dircd.ion  than 
that  of  their  gravity. 

We  can  judge  only  of  the  powers  that  act  on 
the  ccleftial  bodies  by  the  effeds  of  the  lafl  kind; 
wc  fee  bodies  near  the  earth  falling  towards  it; 
but  this  is  a  proof  of  the  moon's  gravity,  which 
cannot  be  obtained  unlcfs  the  prtfent  ftate  of 
things  were  dillblvcd. 

When  a  body  is  projcftcd  in  the  air,  you  do 
not  fee  it  fall  in  the  perpendicular  towards  the 
earth,  but  you  fee  it  falling  every  moment  from 
tke  tangent  to  the  curve,  that  is,  from  the  diredion 
in  which  it  would  have  moved,  if  it's  gravity  had 
not  a<fled  for  that  moment. 

And  this  proof  is  obtained  of  the  moon's 
gravity;  for  though  you  do  not  Ice  her  falling 
diredlly  towards  the  earth  in  a  right  line,  yet  you 
obfcrvc  her  every  moment  dcfccnding  towards  the 
earth  from  the  right  line,  which  was  the  direction 
of  her  motion  at  the  beginning  of  that  moment, 
and  this  is  as  evident  a  proof  of  her  being  aded 
upon  by  gravity  or  fome  power  limilar  to  it,  as 
her  rectilineal  dcfccnt  would  be,  if  ihe  were  al- 
lowed to  fall  freely  to  the  earth. 

If  we  were  in  polfeHion  of  cnoincs  of  a  fuf- 
ficient  force,  bodies  might  br  projected  from 
them  fo  as  not  only  to  be  carried  a  vail  way  with- 
out falling  to  the  eaith,  but  fo  as  to  move  over  a 
quarter  of  a  great  circle  thereof,  or  (abftravfring 
from  the  refiltance  of  the  air)  to  move  round  the 
earth  without  touching  it,  and  after  rcturnin:;  ti> 
their  firft  place,  commence  a  new  rcvohition  v.  irh 
the  fame  force  which  they  firft  received  from  the 
engine,  and  after  that  a  third,  and  thus  revolve 
as  a  moon  or  fatcllite  round  the  earth  forever. 

If  this  could  be  efFetted  nc.i»  -Uc  caiih's  fur- 
face,  it  nught  be  done  higher  4i^^fltt[i  or  even 
as  high  as  the  tiioa||^M||^^A^^^^^^^Bh  equi^ 
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valent  power  be  carried  up  and  made  to  ad  tfaod 
By  increafing  the  force  of  the  power,  a  body  pnM 
portionally  larger  might  be  thus  projeded>  an! 
by  a  power  fufficiently  great,  a  body  not  inferiflC; 
to  the  moon,  might  be  at  firfl:  put  in  motion,  and 
being  perpetually  rcftrained  by  it's  gravity  from 
going  off  in  a  ftrait  line  might  for  ever  revolve 
about  the  earth. 

Thus  Sir  Ijaac  Nc^d;ton  faw,  that  the  curvi- 
lineal  motion  of  the  moon  in  her  orbit,  and  of 
any  projc(5Ule  at  the  furface  of  the  earth,  woe 
phenomena  of  the  fame  kind,  and  might  be  tu 
plained  upon  the  fame  principle  extended  from 
the  earth,  fo  as  to  reach  the  moon ;  and  that  the 
moon  was  only  a  Urger  projectile  that  received 
it's  motion  in  the  beginning  of  things  from  the 
Almighty  Author  of  the  univcrfe. 

But  to  make  thi.>  more  evident,  it  was  necct 
fary  to  (hew,  that  the  powers  which  a£t  on  the 
moon,  and  on  projcclilcs  near  the  earth,  and  which 
bend  their  motions  in  a  curve  line,  were  dircftcd 
to  the  fame  center^  and  agreed  in  the  quantity  af 
tbeir  force,  as  well  as  in  their  diredion. 

All  we  know  of  force,  relates  cither  to  it's 
direftion  or  quantity,  and  a  conftant  coincidence 
or  agreement   in   thcfe  two  rcfpects  is  fufficient 

f;round  to  conclude  them  to  be  the  fame,  or  fimir 
ar  phenomena,   derived   from  the  fame   or  like 
caufes. 

Now  I  (lie wed  you  in  the  Lcdurc  on  mecha- 
nics, that  the  gravity  of  heavy  bodies  is  dircdcd 
towards  the  center  of  the  earth ;  and  it  appears 
from  Kepler's  ill  law,  as  I  have  ihewn  you  in 
this  Lec^turc,  that  the  power  which  ads  on  the 
moon,  incellantly  bending  her  motion  into  a  curve, 
is  dircded  towards  the  fame  center;  for  aftrono- 
mers  find,  that  the  moon  docs  not  def.ribe  an  exad 
circle  about  the  earth,    but   an  ellipfe,  and  that 

Ihc 
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5  approaches  to  the  earth,  and  then  recedes  from 
in  every  revolution,  but  ftill  fo  as  to  have  her 
Dtion  accelerated  while  fhc  approaches  to  the 
liter  of  the  earth,  and  retarded  as  fhe  recedes 
3m  it,  defcribing  equal  areas  in  equal  times ;  an 
dication,  as  you  have  already  feen,  that  Ihe  is 
ted  on  by  a  power  directed  accurately  or  nearl/ 
ivards  the  center. 

There  is,  therefore,  a  power  which  defleds  the 
X)n  from  a  redilineal  courfe,  and  which  like 
ivity  makes  her  defcend  towards  the  center  of 
:  earth;  fo  that  if  the  projcdlile  force  werede- 
oyed,  ihe  would  fall  to  the  earth  in  a  direct  line; 
i  as  this  power  acfts  inccfiantly,  bending  every 
iment  her  path  into  a  curve,  it  would  make  her 
tend  to  the  earth  w  ith  an  accelerated  motion, 
c  that  of  heavy  bodies  in  their  fall. 

It  remains,  therefore,  only  to  fliew,  that  the 
wcT  which  acts  on  the  moon,  agrees  with  gra- 
y  in  the  quantity  of  it's  force,  as  well  as  in 
ler  refpeds.  But  before  we  compare  them  in 
s  particular,  I  mult  obfcrve  to  you,  that  the 
wcr  w^hich  ac^s  upon  the  moon,  is  not  the  fame 
all  diftanccs,  but  is  always  grcatell  when  flie  is 
ircft  the  earth. 

To  be  fatisficd  of  this,  it  is  only  ncceflary  to 
"erve,  as  before,  that  to  bend  the  motion  of  a 
Jy  into  a  curve  when  it  moves  with  a  greater 
ocity,  requires  more  power  than  when  it  dc- 
ibes  the  fame  curve  with  a  Icfs  velocity. 

Though  what  I  have  jufl  aliCTCeci  is  fufficient- 
obvious,  it  may  appear  rr.ore  I'ully  by  corlider- 
;  a  diagram;  imagine,  th^^reforc,  a  tangent, //V. 
pi.  15,  drawn  at  the  beginning  of  a  Imall  arc 
bribed  by  the  bo^||  and  .is  this  is  the  line  which 
S  body  would   hf^  ^owej,  it -no  new  power 

^    )f  that  power  is  cfti- 

other  extremity  of 

the 


a68      Lectures  on  Natitral  pHiLOSOPHr. 

the  arc  under  that  tangent :  now  it  is  pkin,  tl 
in  arcs  of  the  fame  curvature,  the  greater  the 
is,  the  farther  mud  one  extremity  of  it  fall  bcl 
the  tangent  drawn  at  the  other  extremity ;  and  o 
fequently,  when  a  body  defcribes  a  greater  arc, 
muft  be  adled  on  by  a  greater  power  than  when 
defcribes  a  lefs  arc  in  the  fame  time.  Now 
the  moon  approaches  the  earth,  her  motion  is  ac-^ 
ccleratcd,  is  fwiftefl:  at  her  leaft  diftance,  flowcfij 
at  hergreateft  diflance,  and  the  forces  fliedefcrihci 
at  her  greateft  and  Icaft  diftance  have  the  fame 
curvature,  therefore  the  force  which  a<5ts  upon  her 
at  her  leaft  diftance  when  her  motion  is  fwiftcft»' 
muft  be  the  greateft  force. 

It  will  not  now  be  difficult  to  fee  according 
to  what  law  this  power  varies  at  her  leaft  and 
greateft  diftance  from  the  earth.  To  renderthii 
cafier,  let  us  afllime  a  fimple  cafe,  and  fuppofc 
that  her  leaft  diftance  is  half  that  of  her  greatcfl. 
If  this  were  true,  the  moon  would  move  with  double 
velocity  in  her  leaft  diftance ;  and  the  fpacc  dc- 
fcribed  by  a  ray  from  her  to  the  earth  might  be 
equal  to  the  fpace  defcribed  in  the  fame  time  at 
her  greateft  diftance;  fo  that  (lie  would  defcribcat 
her  leaft  diftance  an  arc  in  one  minute  equal  to 
the  arc  flie  would  defcribc  in  two  minutes  at  her 
greateft  diftance,  and  would  fall  as  much  bcloW 
the  tangent  at  the  beginning  of  the  arc  in  one 
minute  in  the  lower  part  of  her  orbit,  or  the  pcri- 
gacum,  as  in  two  minutes  in  the  higher  part  of 
her  orbit  or  her  apogseum. 

If  therefore  her  projeftilc  force  was  deftroycd 
at  her  leaft  diftance,  ftie  would  fall  towards  the 
earth  as  much  in  one  minute,  as  in  two  minutes 
if  her  projedilc  force  was  deftroyed  at  her  greatcfl 
diftance. 

But  the  fpaccs  defcribed  by  a  falling  body  area! 

the  fquares  of  the  tinges,  and  fuch  a  body  defccnd 

I  throug 
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the  gravity  of  the  moon  towards  the  earth  in* 

fes  in  the  fame  proportion,  as  the  fquare  of  fhc 

ihcc  from  the  center  of  the  earth  decreafes. 

Sir  Ifaac  Newton  Ihews  the  univcrfality  of  this 

r,  in  all  her  diftances,  from  the  direction  of  the 

ver  that  ails  upon  her,  and  from  the  nature  of 

jellipjis,  the  line  which  (he  defcribes  in  her  re- 

^'•^lution  ;  and  it  follows  from  the  properties  of -this 

*  ^Urvc,  that  if  you  take  fmall  arcs  defcribcd  by  the 

i'tlaoon  in  equal  times,  the  fpace  by  which  the  ex- 

^■^Ircmity  of  any  arc  defcends  towards  the  earth  be- 

,  '^fow  it's   tangent  at  the  other  extremity,  is  always 

i*^  greater  in  proportion  as  the  fquare  of  the  diftancc 

'  ■  liom  the  focus  is  Icfs  ;  from  which  it  follows,  that 

the  power  which  is  pro{x)rcional  to  this  fpace  ob* 

jlerves  the  fame  proportion. 

The  moon's  orbit,  according  to  aftronomers, 

*  '  diifers  not  much  from  a  circle  of  a  radius  equal  to 

.    60  times  the  fcmi-diamctcr  of  the  earth  ;  and  the 

circumference  of  her  orbit  is  therefore  about  60 

times  the  circumference  of  a  great  circle  of  the 

earth. 

From  this  the  circumference  of  the  moon's 
orbit  is  eatily  computed,  and  as  {he  finiflies  her 
revolution  in  27  days,  7  hours,  and  43  minutes,  it 
is  alfo  eafy  to  calculate  \vhat  arc  (he  defcribes 
in  one  minute. 

The  next  thing  is  to  compute  how  much 
this  arc  of  one  minute  is  HcUcctcd  below  a  tangent 
drawn  at  the  other  end  :  now  gcon>etricians  prove, 
that  this  fpace  is  ncarlv  a  third  proportional  to  the 
diameter  of  her  orbit,  aiul  the  arc  Ihe  defcribes  in 
a  minute;  whence  by  an  caly  calculation  this  fpace 
is  found  to  be  about  16  iVct  1  inch. 

But  you  ha\c  ilcn  thiat  this  Ipacc  was  defcribed 
in  confequcnce  of  her  gravit\,  or  tendency  to- 
wards the  earth,  whiLh  is  thcreiorc  a  power,  that 
at  the  dilhijce  of  60  fciDi-diuuurcrs  of  the  earth, 

is 
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is  able  to  make  her  defccnd  in  one  minute  throu^ 
16  feet  I  inch.  • 

Nc\X',  as  this  power  increafcs  as  (he  ap- 
proaches the  earth,  let  »is  fee  what  it's  force  wotdd 
be  at  the  furface  thereof;  and  for  this  pjrpofe,  let 
us  fuppofe  her  to  defcend  fo  low  in  her  orbit  av 
at  her  lea  ft  diftancc  to  pafs  by  the  furface  of  the 
earth;  fhc  would  then  be  60  times  nearer  to  the 
center  of  the  earth,  and  move  with  a  velocity  60 
times  greater,  that  the  areas  dcfcribed  by  a  line 
drawn  from  her  to  that  center  in  equal  limcSi 
might  ftill  continue  equal. 

The  moon  therefore,  pafling  by  the  earth  at 
her  loweft  ebb,  would  dcfrribe  an  arc  in  one  fc- 
cond  of  tiiTif,  (the6och  parr  of  a  minute)  equal  to 
that  rtie  defcribcs  in  one  minute  at  her  prcfcnt 
mean  diftance,  and  would  fall  as  much  below 
the  tangent  at  the  beginning  of  the  arc  in  a  fc- 
cond,  as  fhe  falls  from  the  tangent  at  her  mean 
diflance  in  a  minute;  that  is,  {he  would  fall  near 
the  furface  of  the  earth  16  feet  i  inch  in  oncfe- 
cond  of  time. 

Now  this  is  exavflly  the  fame  fpacc,  through 
which  all  heavy  bodies  are  found  by  experience  to 
defcend  by  their  gravity  near  the  furtace  of  the 
earth.  The  moon,  therefore,  would  defcend  at  the 
furface  of  the  earth  with  the  fame  velocity,  and 
every  way  in  tlie  fanic  manner,  as  heavy  bodies  fall 
towards  the  earth;  and  the  power  which  acts  upon 
the  moon,  agrecinjMn  ^///Y*7/o«  anJ/br^^  with  the 
gravity  of  heavy  br,Jics,  and  acting  inceflanily 
even  moment,  as  their  gravity  does,  they  muft 
be  of  the  fame  kin:],  aiid  proceed  from  the  lan>c 
canfe. 

Thus  Sir  Jj\2i2C  AVr^V^.vfiiewed,  that  the  powcf 
of  gravity  is  extended  to  the  moon  ;  that  Ihe  i* 
heavy,  as  all  bodies  belonging  to  the  earth  ar«^ 
fpund  to  bc;  and  thi:  fnc  is  reraiaed  in  her  orbit 

by 
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L']ty  the  fame  caufe  which  occaiions  a  ftonc,  a  bul- 
\^k^tj  or  any.  other  projedlile,  to  defcribe  a  curve  in 
Jiklie  air.  If  the  moon  or  any  part  of  her  were 
l^brought  dowii  to  the  earth,  and  projedled  in  the 
tfiiinc  line,  and  with  the  fame  velocity  as  a  ter- 
^*"*«ftrial  body,  it  would  move  in  the  fame  curve.  On 
"^^e  other  hand,  if  any  body  Was  carried  from  our 
^rth  to  the  diitance  of  the  moon,  and  was  pro- 
, . lifted  in  the  fame  direftion  and  with  the  fame 

>»«locity  with  which  the  moon  is  moved,  it  would 
^-proceed  in  the  fame  orbit  which  the  moon  de- 
^  Icribes^  and  with  the  fame  velocity.  Thus  the 
]^     falcon  is  a  proje<5lile,  and  the  motion  of  every  pro- 

jcdile  gives  an  image  of  the  motion  of  a  fatelHte 

or  moon; 

That  the  primary  planets  are  heavy  boditSi  and 
gravitate  towards  the  fun ;  and  that  the  Jecon^ 
dary  planets  gravitate  towards  their  refpe6Hve 
primaries. 

Obfervation  proves,  that  each  of  the  primary 
|)Iancts  bend  their  path  about  the  center  of 
the  fun,  arc  accelerated  as  they  approach  to  him, 
and  are  retarded  as  they  recede  from  him,  always 
defcribing  equal  areas  in  equal  times;  from  whence 
it  follows,  that  the  power  by  which  they  are  de- 
fledled  muft  be  diredled  to  the  fun.  This  power 
alio  varies  always  in  the  fame  manner  as  the  gra- 
vity of  the  moon  towards  the  earth. 

The  fame  reafoning,  by  which  the  gravity  of 
the  moon  towards  the  earth  at  her  grcatcft  and 
lead  diftances  were  compared  together,  may  be 
applied  in  comparing  the  powers  which  ail  on  any 
primary  planet  at  it's  greateft  and  Icaft  di fiance* 
from  the  fun;  and  it  will  appear,  that  thcfc  powers 
increafe  as  the  fquarc  of  the  difianccs  Iroin  the  fun 
dccreafe. 

Vol.  IV.  'I  B^. 
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But  the  imivcriality  of  this  law,  and  the  urn- 
formitj  of  nature,  ftill  further  appear^  by  com* 
pguring  the  motions  of  the  difVercnt  planet:^. 

The   power  whicii  ad$  on  a  planet  that  b 
nearer  the  fun,  is  manifeftly  groiccr    than  that 
which adls  ona  planet  more  remote^  both  bccaufeil^ 
moves  with  more  velocity,  and  becaufe  it  moves 
in  a  lefs  orbit,  (which  has   more  curvaiure,  and 
of  courfe  the  body  requires  more  force  to  be  oiofc 
deflo^ed  from  it's  red i linear  coorfc* J   By  compir- 
iBg  the  tnotions  of  the  planets,  it  is  founds  thsi 
the  velocity  of  a  nearer  planet  is  greater  than  that 
c^  one  more  remote,  in  proportion  as  the  fquarc 
root  of  the  number   exprcffing   the   greater  dif- 
tance,  to  the  fquare  root  of  the  number  expreirmg 
the  Idler  diftance;  forhat  if  one  planet  be  4  timei 
farther  from  the  fun  than  another  planet,  the  vclo* 
city  of  the  ftrft  would  be  half  the  velocity  of  the 
latter,  and  the  nearer  planet   would   defcribc  an 
arc  in  i  minute  equal  to  the  arc  deicribedbiEiiK 
higher  planet  in  2  minutes ;  and  the  nearer  planet 
would  defcribc,  by  it's  gravity^  four  times  as  much 
fpace   as  the  other  would   defcribe  in  the  fine 
time  ;  by  the  law  of  falling  bodies,  the  gravity  of 
the  nearer  planet   would  therefore  appear  to,  be 
quadruple,  from  the  confideration  of  it's  greater 
velocity  only.     But  further^  as   the  radius  of  the 
leiTcr  orbit  is  fuppofcd  to  be  4  times  lefs  than  the 
radius  of  the  other,  the  lelFcr  orbit  muft  be  4  times 
more  curve,  and  the  extremity  of  a  fmall  arc  of 
the  fame  length  will  be  four  times  farther  below 
the  tangent  drawn  at  the  other  extremity  in  the 
Icfler  orbit  than   in  ihe  greater;  fo  that  thougb 
the  velocities  were  equal,  the  gravity  of  the  m 
planet  would  on  this  account  only  be  found 
quadruple. 

On  Lx>th  thcfe  accounts  together,  the* 
'  Kity  of  the  nearer  planet,  and  the  gre* 
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irature  of  it*s  orbits  the  deflefting  force,  or  it*s 
gravity  cowards  the  fun,  muft  be  fuppofcd  16  times 
lireatcr,  though  it's  diftance  from  the  fun  is  only 
4  times  iefs  than  the  other;  that  is,  when  the  dif-- 
tances  are  as  i  to  4,  the  gravity  is  reciprocally 
as  the  fquares  of  thefe  numbers,  or  as  16  to  i.  By 
comparing  the  motions  of  all  the  planets  it  is  found, 
that  their  gravities  decreafe  as  the  fquares  of  their 
diflances  from  the  fun  increafe. 

The  fame  principle  that  governs  the  motion 
of  the  planers  in  the  great  folar  fyftem,  governs 
alfo  the  motion  of  the  fatellites  in  the  lelfer  fyf- 
tem, of  which  the  greater  is  compofed. 

There  is  the  fame  harmony  in  their  motions 
CQnopared  with  their  diflances,  as  in  the  great  fyf- 
tem. Jupiter's  fatellites  arc  continually  bent  from 
the  lines  that  are  the  direiSlion  of  their  motions, 
each  defcribing  equal  areas  in  equal  times,  by  a 
ray  drawn  to  the  center,  to  which  their  gravity 
i9  therefore  direded. 

The  nearer  fatellites  move  with  greater  ce- 
Ur\ty»  in  the  fame  proportion  as  the  nearer  primary 
]4,anets  move  more  fwittly  round  the  fun;  and  their 
ar^yity  therefore  varies  according  to  the  ianie  law. 
The  fame  is  to  be  faid  of  Saturn's  faiellites. 

There  is,  therefore,  a  power  that  preferves  the 
fttbftance  of  thefe  planets  in  their  various  motions, 
aAs  at  their  furfaces,  and  is  extended  around  them, 
dfcreafing  in  the  fame  manner  as  that  which  is 
e;ctended  from  the  earrh  and  fun  to  ail  diflanccs. 

They  accompany  their  primary  planets  in  their 
motion  round  the  fun,  and  move  about  them  at 
the  fame  time,  with  the  fume  regularity  as  if 
their  primaries  w^rc  at  veil.  It  is  as  in  a  lliip,  or 
iO  any  fpace  carried  uniibrnily  forward,  in  which 
the  natural  afti^^f  bodies  arc  the  fame  as  if  the 
fpace  was  at  riJ^N  no  way  allccted  by  that 
'on  whi<  to  all  the  bodies. 

As 
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As  every  prajctftile,  while  it  moves  in  the  aifi 
gravitates  towards  the  fun,  and  is  carried  along 
with  the  earth  about  the  fun,  while  it's  own  mo. 
tion  in  it's  curve  is  as  regular  as  if  the  earth  were 
at  reft  ;  fo  the  moon,  which  is  only  a  greater  pro- 
jedlile,  muft  gravitate  towards  the  fun,  and  while 
It  is  carried  along  with  the  earth  about  the  fun,  is 
not  hindered  by  that  motion  from  performing  it's 
monthly  revolutions  towards  the  earth.  It  is  the 
fame  with  rcfpcd:  to  the  other  fecondary  planets. 

Thus  the  motions  in  the  great  folar  fyftem, 
and  in  the  IclTer  particular  fyftcms  of  each  planet, 
are  confiftent  with  each  other,  and  arc  carried  aa 
in  a  regular  harmony,  without  any  confufion  or 
mutually  interfering  with  one  another,  except  H'hat 
neceirarily  arifes  from  fmall  inequalities  in  the 
gravities  of  the  primary  and  fecondary  planets,  and 
the  want  of  exad  parallclifm  in  the  dired^tion  of 
thefe  gravities. 

Obfcrvation  ihews,  that  the  defle*5lion  of  thC 
moon  to  the  earth,  and  of  the  planets  to  the  (nn, 
is  accompanied  by  an  equal  and  oppofite  defledion 
of  the  earth  to  the  moon,  and  of  the  fun  to  tb 
planets  ;  from  which  it  is  inferred,  that  the  force! 
which  produce  thefe  dcHe<:tions  are  mutual,  i^ud[ 
and  oppiffte. 

As  the  planets  are  defled:ed  towards  caci 
other,  and  as  thefe  deflections  arc  inverfcly  ptfi 
portional  to  the  fquare  of  the  diftance  from  thi 
planet  towards  which  they  are  inflected  ;  it  follow 
that  all  the  bodies  of  the  folar  fyftem  turn  toward 
each  other  with  forces  which  arc  invcrfely  propof 
.tional  to  the  fquare  of  the  diftanccs. 

Ihe  curve  which  a  body  defcribes  deter- 
mines  the  law  of  it's  gravitation,  or  the  relatioi 
which  fubliUs  between  the  intcnfity  of  the  gravi 
rating  force,  and  the  diitancc  from  the  point 
which  it  gravitates. 
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If  the  graviiatioa  of  every  parricle  of  gravi- 
ling  iDattcr  h  fuppofed  to  be  the  fame  in   the 

lit  circumftanccs^  then  the  relation  which  is 
bfcrved  bccwren  the  dirtances  and  the  periodic 

[les,  will  determine  the  proportion  of  gravitad ig 
ittcr  in  a  planet ;  ami  on  tnr,  fuppofition  it  nas 
iccn  concluded   from  the    phenomena,  that   this 

>porfiorj  h  the  larnc  in  all.  But  as  this  fup- 
ijliiion  is  not  formed  from  any  direct  arguments, 

that  can  be  jullly  infcrr^^d  from  this  obfcrved 
blation  is,  that  the  gruviiation  of  each  planet^ 
ikcn   in  cumnln^  is   proportional   to  it's  quantity 

gravitating  niatrer. 

pF  THE  Center  or  the  Solar  System* 

Sir  Ifaac  Newton  havin^T  found  that  the  cclclt. 

il  bodies  gravitate  towards  each  other,  and  tu- 

_frards  all  other  bodies  in  the  fyflem,  neither  of 

them,  nor  indeed  any  body  in   the  whole  fyftcm, 

be  fuppofed  to  be  void  of  atl  motion. 

The  center  of  gravity  of  the  whole  fyflem  is 

be  only   point    therein,  which   can  be   fuppofed 

aitfcent  ;  it  is  the  only  immoveable  point,  round 

lich  all  the  bodies  in  the  lyftcm  move  with   va- 

Hous  motion^. 

On  an  accurate  examination  of  the  tendencies 
of  the  planets,  it  is  found,  th.it  the  center  round 
rtich  each  planet  revolve?,  is  nor  the  center  of 
Be  fun,  but  the  point  which  \%  the  common  center 
^gravity  of  the  dm  and  pUnet,  whofe  revolution 
confidcred.  Thus  the  mafs  of  the  fun  being  to 
hat  of  Jupircr,  as  i  to  ^i^j  and  the  diU.ince  of 
lupitcr  from  the  fun  beujg  to  the  fun*s  femi- 
liameter  in  a  ratio  fomewhat  greatei,  it  foU 
ows,  that  the  common  center  of  t^ravity  ot  Jupiter 
^rtd  the  fun  is  not  far  diliant  from  the  fujrface  of 
^c  fun. 

T3  By 
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As  even-  projedilc,  while  it  moves  in  the  air, 
gravitates  towards  the  fun,  and  is  carried  along 
with  the  earth  about  the  fun,  while  it's  own  mo- 
tion in  it's  curve  is  as  reg^jlar  as  if  the  earth  were 
at  reft  ;  fo  the  moon,  which  is  only  a  greater  pro- 
jeclile,  muft  gravitate  towards  the  fun,  and  while 
it  is  carried  along  with  the  earth  about  the  fun,  if 
not  hindered  by  that  motion  from  performing  ic'i 
monthly  revolutions  towards  the  earth.  It  is  the 
fame  \^  ith  refpeft  to  the  other  fecondary  planets. 

Thus  the  motions  in  the  great  foiar  fyftem, 
and  in  the  leffer  particular  fyftcms  of  each  planet, 
are  confiftcnt  with  each  other,  and  arc  carried  on 
in  a  regular  harmony,  without  any  confufion  or 
mutually  interfering  with  one  another,  except  what 
necelTarily  arifes  from  fmall  inequalities  in  rhe 
gravities  of  the  primary  and  fecondary  planets,  and 
the  want  of  exact  parallclifm  in  the  dircdlion  of 
thcfc  gravities. 

6bUr\ation  (hews,  th.it  the  defle^^ion  of  the 
moon  to  the  earrh,  and  of  the  planets  to  the  fun, 
is  acconi})ap.icd  by  an  equal  and  oppolite  defleciion 
of  rht*  earrh  :v>  the  moon,  and  of  the  fun  to  the 
planet-  :  fron^  which  i:  is  mfcrrcd^  that  the  forces 
whi.h  ^  iodiicc  thck  dcHcction.s  are  mtitnal^  equals 
and  ^Tf\':U\ 

.\.>  the  phmets  arc  dcticclcd  towards  each 
orhcr,  anil  as  thclc  Licricaioiis  are  inverfely  pro- 
portional to  the  R];:arc  ci  the  diftance  from  the 
planer  to\^ards  which  rhcy  arc  inflected;  it  follows, 
rh;.L  a!!  the  bodies  uf  the  foiai  l\Hcm  turn  towards 
each  other  v.  ith  forces  which  are  inverfely  propor- 
tional ro  the  fqi:are  of  the  dirt:>nces. 

'I  he    curve   which   a    body   dcfcribes  detcr- 
rnines  the  lav.    of  it's  gravitation,  or  the   relation 
which  fublilU  between  the  intcnlity  of  the  gravi- 
tating force,  and  the  diltancc  from  the  point  xr 
Vich  it  gravitates. 
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If  the  gravitation  of  every  particle  of  gravi- 
Jtating  iDattcr  is  fuppofed  to  be  the  fame  in  the 
lame  circumftanccs,  then  the  rchition  which  ts 
^bferved  between  the  dirtanccs  and  the  penodic 
^inies«  will  determine  the  proportion  of  grajitatiig 
matter  in  a  planet ;  and  on  tnis  fuppofition  it  nas 
been  cx)ncluded  from  the  phenomena,  that  this 
proportioTi  is  the  fanrje  in  all.  But  as  this  fup- 
pQlition  is  not  formed  from  any  direct  arguments, 
all  that  can  be  juftly  inferr'^d  from  this  obfcrved 
relation  is^  that  the  gravitation  of  each  planet, 
taken  in  cumulo,  is  proportional  IQ  it's  quantity 
pf  gravitating  matter. 

P?  THE  Center  of  the  Solar  System. 

Sir  Ifaac  Newton  having  found  that  the  cclef- 
tial  bodies  gravitate  towards  each  other^  and  to- 
\vards  all  other  bodies  in  the  fyftcm,  neither  of 
them,  nor  indeed  any  body  in  the  whole  fyftem, 
can  be  fuppofed  to  be  void  of  all  motion. 

The  center  of  gravity  of  the  whole  fyftem  is 
the  only  point  therein,  which  can  be  fuppofed 
quiefcent  ;  it  is  the  only  immoveable  point,  round 
which  all  the  bodies  in  the  fyrtem  move  with  va- 
rious motion^. 

On  an  accurate  examination  of  the  tendencies 
of  the  planets,  it  is  found,  th.it  the  center  round 
which  each  planet  revolve?,  is  nor  the  center  of 
the  fun,  but  the  point  which  is  the  common  cciucr 
of  gravity  of  the  fun  and  plmcr^  whofe  rcvolucion 
is  confidcrcd.  Thus  the  inafs  of  the  fun  b  \n?;  to 
that  of  Jupiter,  as  i  to  ,,v,-^  and  the  dii*iii.:c  of 
Jupiter  from  the  fun  bciiip;  to  t'.ie  iu.i  .n  fcini- 
diameter  ^fe|L^^^'^  fomcwhat  j^rcatci,  it  fol- 
lows, that  »?T^Lnnon  center  of  gravity  oi  J.ipiccr 
and  the  fu  diilant  from  the  fu;hic*c   of 

"^^  fun. 
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As  every  projedile^  while.it  moves  in  the  air,' 
gravitates  towards  the  fun,  and  is  carried  along 
with  the  earth  about  the  fun^  Vhile  it's  own  itio- 
tioii  in  it's  curve  is  as  regular  as  if  the  earth  were 
at  reft ;  fo  the  moon^  which  i«  only  a  greater  pro- 
jedlile,  muft  graviute  towards  the  fun,  and  while 
It  is  carried  along  with  the  earth  about  the  fuHp  h 
not  hindered  by  that  motion  from  performing  it*s 
monthly  revolutions  towards  the  earth.  It  is  the 
iame  with  refpeft  to  the  other  fccondary  phneis. 

Thus  the  motions  in  the  great  foUr  fyjlenfit 
and  in  the  leffer  particular  fyftcms  of  each  platiet, 
are  confident  with  each  other,  and  arc  carried  m 
in  a  regular  harmony,  without  any  confufion  or 
mutually  interfering  with  one  another,  except  what 
neceflarily  arifes  from  fmall  inequalities  in  the 
gravities  of  the  primary  and  fecondary  planets,  and 
the  want  of  exadb  parallelifm  in  the  dircftion  of 
thefe  gravities.  

Obfcrvation  fliews,  that  the  defletflion  of  the 
moon  to  the  earth,  and  of  the  planets  to  the  fun, 
is  accompanied  by  an  equal  and  oppofite  deflei%lon 
of  the  earth  to  the  moon,  and  of  the  fun  to  the 
planets  ;  from  which  it  is  inferred,  that  the  forces 
which  produce  thefc  deflections  are  mutual,  equal, 
and  oppojfte. 

As  the  planets  are  defleded  towards  each 
other,  and  as  thefc  deflexions  are  inverfely  pro- 
portional to  the  fquare  of  the  diftance  from  the 
planet  towards  which  they  are  inflected ;  it  follows, 
that  all  the  bodies  of  the  folar  fyftem  turn  towards 
each  other  w-ith  forces  which  are  inverfely  propor- 
,tional  to  the  fquare  of  the  diftances. 

The  curve  which  a  body  defcribes  deter- 
mines the  law  of  it's  gravitation,  or  the  relatioi*^ 
which  fubfilb  between  t'  \fity  of  the  gra> 

tating  force,  and  the  from  the  point 

which  it  gravitates. 
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able.  The  comet  of  1777  has  fufFered  a  remark- 
able change  in  it's  motions  by  the  aftion  of  Jupiter. 

The  earth's  motion  round  the  fun  is  remarka- 
bly  afFedted  by  the  moon. 

In  confequence  of  the  mutual  gravitations  of 
the  planets,  the  nodes  of  a  difturbed  planet  retreat 
on  the  orbit  of  the  diftiirbing  planet.  Hence  the 
nodes  of  all  the  planets  retreat  on  the  ecliptic,  ex- 
cept that  of  Jupiter,  which  advances  by  retreating 
on  the  orbit  of  Saturn,  from  which  it  fuffers  the 
greateft  difturbance. 

Of  the  Approach  and  Recess  of  the  Planets 
toandfrum  the  sun  in  every  revolution. 

Having  fhewn  you  that  the  forces  which  pro- 
duce the  regular  motions  of  the  planets,  vaftly  ex- 
ceed thofe  that  difturb  them,  I  ihall  explain  more 
fully,  how  the  motions  in  their  orbits  proceed  from 
the  adlions  of  thofe  powers ;  and  how  the  planet 
is  made  to  afcend  and  defcend  by  turns,  while  it 
revolves  about  the  center  of  it's  gravitation. 

We  have  nothing  limilar  to  this  in  the  mo- 
tion of  heavy  bodies  at  the  earth's  furface  ;  but  you 
>Tiuft  remember,  that  the  force,  with  which  heavy 
bodies  are  projeded  from  our  mod  powerful  en- 
gines, is  inconliderable,  compared  with  the  motions 
-which  their  gravity  could  generate  in  them  in  a 
few  minutes  ;  and  they  move  over  fuch  fmallfpaccs 
ivhen  compared  with  their  diftances  from  the  cen- 
ter of  the  earth,  that  their  gravity  is  confidcrcd  as 
^ding  in  parallel  lines,  without  any  fcnlible  error; 
fo  that  the  centrifugal  force  arifing  from  the  rota- 
tion about  that  center,  is  altor^cthcr  negleded, 

But  when  the  motit^n  of  a  projcdlile  in  the 
jargerfpaces  is  examined,  ami  traced  in  it's  orbir, 
it  is  necelTary  to  take  in  the  cc:v:rifL!gal  ic/rcc, 
arifing  from  it's  motion   of  rotation  about   that 

tcr/LiT, 
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tStgUer-^  -ahdthcti  k  will^mpear^  that  there  are  in. 
deed  ibitic  lawfl  of  gravity^  %vhich  would  make  tk 
bod/iq^rtech  to  the  center  continually,  citl  it  M 
into  it^  but  that  there  are  other  Im^vs  which  makt 
liodtes  to  approach,  ^§ndfuffer  them  to  r^tedi  from 
itby  turns. 

If  a  planet  at  B,fig.  6»  pi.  1 5,  gravitates,  or  is 
atcra&od  toward  the  fun^  fo  as  to  fall  from  B  to  y 
-in  the  time  that  the  projcAilc  force  would  ha^ 
trtrried  it  from  B  to  X.  it  'will  defcribe  the  ctim 
BY  by  the  combined  aAionof  thcfc  two  forces,  in 
the  fame  time  that  the  projedile  force  fmgly  would 
Itave  carried  it  from  B  to  X,  or  t  he  gm  v  i  ta t  i  ng  powa 
£o|^y  have  caufed  it  to  defcend  from  B  to  y  ;  and 
thefe'  two  forces  being  duly  proportioned,  and  pcr- 
,sendicahtr  to  each  other,  the  planet  obeying  them  ' 
Aoth^  'wai  nv^  in  the  circle  BYT. 

)hit  if  whilft  the  prpjedilc  force  i^^uld  carry 
the  fUfuiet  from  B  to  b,  the  fun's  attraclion 
^  which  conftitutes  the  planet's  gravitacion)  H^oiM 
hrihg  it  do)¥n  from  B  to  i,  the  gravitating  power 
would  then  be  too  ftrong  for  the  projeAile  forcei 
and  would  caufe  the  planet  to  defcribe  the  curve 
BC.  When  jthc  planet  comes  to  C,  thegmvi*- 
tating  power  (which  always  increafes^s  thefquare 
of  the  diftance  from  the  fun  diminifhes)  will  be  ydt 
Wronger  for  the  projecflile  force ;  and  by  confpir- 
ing  in  fome  degree  therewith^  will  accderate  the 
planet's  motion  all  the  way  from  C  to  K ;  caufing 
it  to  defcribe  the  arcs  B  C,  C  D,  D  E,  E  F^  &c.  aft 
in  equal  times.  Having  it's  motion  thus  accele- 
rated, it  thereby  gains  fo  much  centrifugal  fbrce^ 
or  tendency  to  fly  oif,  at  K  in  the  line  K  k^  as  over- 
comes the  fun's  atrradion;  and  the  centrifuge 
force  being  too  great  to  allow  the  planer  to  be 
brought  nearer  the  fun,  or  even  to  move  round  him 
in  the  circle  K  1  m  n,  &c.  it  goes  oft  and  afccndl 
in  the  curve  K  L  M  N,  &c.  it's  motion  decreafifli; 
^  as 
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iRS  gradually  from  K  to  B,  as  it  increafed  from  B  to 
JKl ;  becaufe  the  fun's  attradion  now  ads  againft 
Che  planet's  projcdile  motion^  juft  as  much  as  it 
9c5tcd  with  it  before.  When  the  planet  has  got 
xound  to  B,  it's  projedilc  force  is  as  miicK  dimi- 
nifhed  from  it's  mean  ftate  about  G  or  N,  as  it  was 
^augmented  at  K  ;  and  fo,  the  fun's  attraCiion  being 
jnore  than  fufficient  to  keep  the  planet  from  going 
>ofF  at  B,  it  defcribes  the  fiime  orbit  over  again,  b/ 
virtue  of  the  fame  forces  or  powers. 

A  double  projedile  force  will  always  billance  a 
quadruple  power  of  gravity,     l-et  the  planet  at  B 
have  twice  as  great  an   in^pulfc  from  thence  to- 
wards X,  as  it  had  bctorc  ;  that    is,  in  the  fame 
length  of  time  it  was  projecled  from  B  to  b,  as  in 
the  laft  example,  let  it  now  be  projeded  from  B  to 
c  ;  and  it  will  require  four  times  as  much  gravity  to 
retain  it.  in  it's  orbit  ;  that  is,  it  mud  tall  as  far 
as  from  B  to  c  :  othtrwife  it  could   not  dcfcribc 
BD,  as  is  evident  by  the  figure.     But,  in  as  much 
time  as  the  planet  moves  from  B  to  C  in  the  higher 
parts  of  it's  orbit,  it  moves  from  I  to  K,  or  from 
K  to  L,  in  the  lower  part  thereof;  becaufe,  from 
the  joint  action  of  thefc  two  forces,  it  muft  always 
defcribe  equal  areas  in  equal  times,  throughout  it's 
annual  courfc.     Thefc  areas  arc  rcprcfentcd  by  the 
triangles  BSC,  CSD,  DSE,  ESF,  &c.    whofe 
contents  are  equal  to  one  another,  quite  round  the 
figure. 

As  the  planets  approach  nearer  the  fun,  and 
recede  farther  from  hin>,  in  every  revolution,  there 
may  be  fomc  diniculty  in  conceiving  the  r^afon 
why  the  power  of  gravity,  w  hen  it  once  gets  the 
better  of  the  projectile  force,  uocs  not  bring  the 
planets  nearer  i\m\  nearer  the  fun  in  every  revolu- 
tion, till  they  fall  upon  and  unite  with  him  ;  or  \Ahy 
the  projecttile  force,  when  it  once  gets  the  bf^ttcr 
p{  gravity,  docs  not  carry   the  planets  further  and 

farther 
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farther  from  the  fun,  till  it  removes  them  quit}  j 
out  of  the  fphere  of  his  attradlion,  and  caufcs  ihtm  I 
to  go  on  in  ftrait  lines  for  ever  afterward  :  but 
by  confidering  the  effeds  of  thefe  powers,  this  dif- 
ficulty will  be  removed.  Suppofe  a  planet  at  B 
to  be  carried  by  the  projeftile  force  as  far  as  B to 
b,  in  the  time  that  gravity  would  have  brou&;htit 
down  from  B  to  i  ;  by  thefe  two  forces  it  will  do- 
fcribe  the  curve  C  ;  when  the  planet  comes  down 
to  K,  it  will  be  but  half  as  far  from  the  fun  S,u 
it  was  at  B ;  and  therefore,  by  gravitating  four 
times  as  ftrongly  towards  him,  it  would  fall  from 
K  to  V  in  the  fame  length  of  time  that  it  would 
have  fallen  from  B  to  i  in  the  higher  part  of  it's 
orbit,  that  is,  through  four  times  as  much  fpace; 
but  it*s  projcidlile  force  is  then  fo  much  incrcafcd 
at  K,  as  would  carry  it  from  K  to  k  in  the  feme 
time  ;  being  double  of  what  it  was  at  B,  and  is 
therefore  too  ftrong  for  the  gravitating  power, 
either  to  draw  the  planet  to  the  fun,  or  caufe  it  to 
go  round  him  in  the  circle  K  1  m  n,  &c.  which 
v'ould  require  it's  falling  from  K  to  v/,  through  a 
greater  fpace  than  gravity  can  draw  it,  whilft  the 
projedilc  force  is  ftich  as  would  carry  it  from  K  tp 
k ;  and  therefore,  the  planet  afcends  in  it's  orbit 
K  L  M  N,  decrcafing  in  it's  velocity  for  the  caufc$ 
already  affigncd. 

The  Moon's  Irregularities. 

There  is  nothing  that  fhews  better  the  excel* 
fency  of  the  Newtonian  pliilofophy,  or  more  clearly 
dcmonftratcs  the  truth  of  it's  principles,  than  11 'li  fo 
eafily,  and  clearly,  accounliiijjc  for  :liofe  many  irre* 
^nhiriiies  oi  motion,  to  which  diW/t'rondary  planets^ 
and  the  ruooji  in  particular,  are  fubjed. 

Though  thefe  are  called  irregularities^  yet 
they  are  not  tq  be  apprehended  as  random  or  /ir- 

tuitoui 
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'ous  ones,  but  fuch  as  arc  regular  under  the  like 
cumltancesj  and  fubjc<5l  to  numl/ers  and  calcHla* 
m. 

For  it  was  by  obferving  the  period  of  thefc 
r  itfcqnalifies,  that  Dr.  Halley  was  enabled  to 
el  an  eclipfe  of  the  fun,  with   an    cxadtncfi 
le  inferior  to  the  obfervacion  irfelf. 
It  hath  been  fccn  before,  that  gravitation  is  a 
rinciplc  belonging  to  all  gravitating  matter  ;  and 
I  bodies,  defcribing  orbits  about  another  placed 
the  center  of  their  motion,  by  a  centripetal  And 
QJefJile  force,  defcribc  equal  areas  in  equal  times ^ 
As  thi«  is  the  law  by  which  the  primary  plam'ts 
late  their  motions  about  the  fan,  fo  likcwife, 
there  no  fun,  by  the  fame  law  would  the  mom 
late  her  motion  about  the  earth. 
This  tendency  of  the  moon  towards  the /;/?/, 
then,  is  the  caufe  of  thofe  inequalities  in  her  mo- 

(n,  which  are  ft i led  her 
Thefc  are  commonly  reckoned  eight,  ariling 
tti  caufes  now  to  he  mentioned. 
L  That  variation^  whereby,  if  we  foppofe  E 
'He  earth,  fi^.  7,  pi.  15,  and   the  circle  A  B  C  D 
the  orbit  of  the  77Won^  while  the  moon  defcribcs  the 
quadrant   A  B,  that   is,  while  (he  goes  from  the 
^madrature  to  the  eonjunlJion^  the  force  tending  to- 
^ard;g  ^\\^  fun  at  S,  confpires  with  the  force  tend- 
ing  towards  the  earth  at   K,  and    therefore  aceete- 
■p/fj  her  motion.     But  while  flie  goes  from  the 
^pjunc/ion  B  to   the  next  quadrature  C,  the  force 
^nding  towards  the  fun  uill  at^t  contrary  to  the 
B^rcc  tending  towards  the  earth,  and  therefore  will 
^fiard  her  motion. 

In  the  fame  manner  while  (he  goes  from  the 
^^draiure  C,  to  the  Tn:xt/yzygy  D^  the  fame  force, 

tending 
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■         sending  towards  S,  will  acee/eraie  her  again;  bit 

ft         while  llie  gacs  from  thence  to  the  quadrature  at  At 

M  it  will  retard  her  again. 

^H  The  moon  therctore,  in  her  monthly  rcvolu* 

"     lion  about  the  carth>  is^  by  this  adion  of  the  fur\, 
allernaieh  accelerated  and  retarded. 

11.  This  force  tending  towards  the  fun  hi 
the  DISTURBING  FORCE^  or  that  force  which  i 
vents  the  moon  from  d^fcribing  about  the  ca 
equal  areas  in  equal  times,  will  be  greateil  at  tiic 

OCTANTS. 

For  this  force  being  refolved  into  two  othcn, 
after  Sir  /.  Nezv/^n"$  manner,  one  of  them  at  the 
quadratures,  or  fyzygies,  will  be  found  to  point 
from  or  totvards  E  the  center  of  the  earth  diredllf, 
and  therefore  will  not  hinder  the  moon  from  dc- 
fcribing  equal  areas  in  equal  times ;  the  orbrr^  like- 
wife,  ia  thofc  places  will  be  found  to  tend  toward* 
the  center  of  the  fun,  and  therefore  neither  o^ 
them  will  prevent  the  moon  there  from  defcribingj 
equal  area^  in  equal  times,  j.  e.  will  not  at  the  qua- 
dratures difturb  the  moon's  motion  at  all. 

But  when  the  moon  is  in  the  Gflants,  as  at  U 
Jff.  %,  pL  15,  this  ioTQQ.  being  refolved  into  twi 
others^  one  of  them,  as  L  H,  will  point  dt 
Of  from,  the  center  of  the  earth,  and  rherciw..  ij. 
increafe  or  dlmnitjh  the  moon*s  ten^iency  toward 
the  earth,  but  not  hinder  her  from  dcfcribing  equa 
areas  in  equal  times  But  the  other,  as  L  I,  or  H  Q 
points  neither  towards  the  center  of  the  earth,  ji«I 
fun,  and  therefor.,  in  the  oiJants^  prevents  her  do 
fcribing  equal  areas  in  equal  times. 

But  this  being  the  mid-way  between  the  q^ 
drctkre  And  the  Jyzr^Q',  in  both  which  places  thi 
difturbing  force  doth  nor  prevent  the  mcon  fron 
defcribmg  equal  areas  in  equal  times,  it  foUowl 
that  at  the  QSiants,  this  dijlurlhtg  force  will  b 
great ejl  of  all*  j 

An 
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'  the  vipVidcs  forwards,  exceeds  their  motion  iack^ 
ards.  Upon  the  whole  therefore  the  apfides  of  the 
oon's  orbit  go  forwards,  or  according  to  the  or* 
T  of  the  figns. 

VL  Becaufe  the  moon  defcribcs  an  eccentrical 
bit  about  the  earth  at  E,  fig.  13,  pL  15,  and  the 
lion  of  the  fun  upon  her  fometimes  increafes  her 
ndency  towards  the  earth,  and  fometimes  ^/w/- 
^es  it,  i.  e.  makes  her  gravity  towards  the  earth 
creafe,  or  decreafe,  too  faft.  If  while  the  moon 
:ends  from  her  lower  apfide  A,  her  gravity  towards 
e  earth  dccreafeth  too  fall,  inftead  of  defcribing 
e  femi-ellipfis  ABC,  and  coming  to  the  higher 
fide  at  C,  as  Ihe  would  otherwife  do,  fhe  will  run 
t  in  the  curve  B  F  D,  and  come  to  the  higher  ap- 
le  at  F.  But  the  curve  A  B  F  D  is  more  eccentric 
an  the  curve  A  B  C  D. 

Therefore  when  the  gravity  of  the  moon  x,o^ 
irds  the  earth  decreafes  too  faft,  the  eccentricity 

her  orbit  will  increafe. 

On  the  other  hand,  if  the  moon  is  going  from 
r  higher  apfide  C,fig.  14,  /)/.  15,  to  her  lower  A, 
d  her  gravity  towards  the  earth  increafes  too  faft, 
ftead  of  defcribing  the  fame  ellipfis  C  D  A,  and 
coming  to  the  lower  apfide  at  A,  fhe  will  ap- 
oach  nearer  to  the  earth,  and  defcribe  the  curve 
F  B,  and  fo  come  to  the  lovoer  apfide  at  F.  But 
I  curve  C  D  F  B,  will  be  lefs  eccentric  than  the 
-ve  D  A  B  C 

Therefore,  when  the  gravity  of  the  moon  to- 
rds  the  earth  increafes  too  fjjt,  the  eccentricity 
ler  orbit  will  dccreafe^  and  the  orbit  itfelf  will 
•roach  nearer  to  a  circle. 

Therefore,    the  eccentricity  of  the  moon's  orbit 

be  cont  inn  ally  varying. 

VII.  In  confidcring  the  irregidaritics  of  the 
m's  motion,  we  have  hitherto  luppofeJ  the 
le  of  her  orbit  as  coinciding  wich  the  plane  of 

Vol.  IV.  U  the 
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the  ecliptic^  bccaufc  her  motion  vould  be  aficfied 
with  the  irrcp;ularitics  hitherto  fpokcn  of,  if  ia 
reality  it  did  fo. 

But  it  hath  been  before  obferved,  that  one 
half  of  the  moon's  orbit  A  C  B,  fig.  15,  pL  15,  b 
raifed  above  the  phnc  of  the  ecliptic  AEBG, 
and  the  other  half  A  i)  B  dcpreifcd  below  it;  and 
the  poi'firs  A  B,  where  the  moon's  orbit  crojfetb 
the  plane  of  the  ecliptic,  arc  called  the  nodes,  and 
the  line  A  B,  joining  thcfc  points,   is  called  the 

LINE  of  the  NOl;KS. 

But  when  this  line  of  the  nodes  A  B  lies  in 
conJLinciion  with  the  fun  S,  it  is  ai  ny/,  but  in  all 
other  pclitiuns  it  goes  t.uk'Surd:, 

When  this  line  of  the  novle;;  A  B,  lies  in  the 
(juadrature,  //"r.  16, />/.  ij;,  with  the  fun  S,  it  goes 
hiickzviirds  falicd  of  all. 

Vlll.  It  has  bfcn  formerly  obferved,  that  the 
orbit  of  the  moon  is  incUfwd  to  the  plane  of  the 
ecliptic  in  a  ceiMia  ansrle  ;  but  this  angle  is  not 
coKll.n:!!':  t'lc  !;mc,  i^'?t  foi'-ictimcs  i-rCijUr  and 
fonietinies  /f/:,  licpc-ndii'iir  v\yr^n  the  different  po- 
lition  of  the  line  ol  ilu  nico:"i's  nodes  wi:h  refpect 
to  the  fun. 

W'lien  tlif  I-i-r  of  rlr:  no(ic3  A  B,  /?;;.  17, 
//.  15,  j'l-lic^  tiinHi;..'h  tlu-  /  .-••.^/.v,  the  plane  of 
the  moon's  orui:  jM-«.d;uef^.  r-.ri;^  Through  the  cen- 
ter of  the  I'lin'-,  :ind  cop/^  v;;ifiir!y,  not  being  af- 
fected hv  lie  act:(;n  of  ihc  iVn,  is  then  at  it's 
yy'dteji  lu^ri^  n::ikin;^  an  juvjIv!  with  the  ecliptic 
of  abnnt  ;  ci^■;•::v(■s,    iS  ••v-r/.itcs. 

When  rivj  liiiL*  of  x.\w  moon'-^  no-.les  A  B,jff. 
iS,  pL  15,  lies  in  a  qii"t.i:aii:rj  with  the  fun  S, 
tljcn,  fuppoling  tlu'  liiu-  .\j;(  i)io  rejTcfcnt  the 
plane:  of  rhc  rdiftic^  :inJ.  A  \\  1?  !'  ihc  orbit  of  the 
;voc//7,  !ct  the  moc^n  be  fii::i/olL(i  to  have  jufl  now 
paflal  the  ([/rrNdi^:^  noov  ai  A,  and  going  to  hcr 
(•^tfij:it:r/rQh'  vith  the  fiiu  at  l\ 

The 
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The  moon  will  then  be  going  farther  and 
ftrther  from  the  plane  of  ihc  ecliptic  A  B  C  D,  and 
Bros  there  no  adtion  of  the  fun,  w  ould  come  in  con- 
lun&ion  with  him  at  £. 

But,  becaufeof  the  adlion  of  the  fun,  the  moon^ 
in  going  from  the  quadrature  at  A,  towards  her 
conjundtion,  will  be  perpetually  drawn  down  to- 
nrds  the  ecliptic,  and  therefore  will  not  come  to  a 
conjunction  with  the  fun  at  £,  but  at  G,  making 
an  angle  with  the  ecliptic  G  A  C  lefs  than  E  A  C. 

But  the  fun  continuing  ftill  to  adt,  after  the 
moon  has  arrived  at  her  conjunction,  will  go  on  to 
draw  her  dozvn  towards  the  ecliptic;  by  which 
neans,  Ihe  will  not  crofs  the  ecliptic  at  the  point 
B,  \i^x  former  node^  but  in  fome  other  point  nearejr 
lo  the  fun,  as  K. 

But  wherever  the  moon  crofles  the  ecliptic  is 
her  node.  Therefore,  her  notle,  in  the  mean  time, 
bthgone  backzvard  from  li  to  K,  y/j?-.  19, />/.  15, 
and  the  moon  hath  defcribed  a  fcnii-orbit  A  G  K, 
making  a  lefs  angle  \\ith  the  ecliptic,  than  the 
orbit  A  E  B,  which  (he  would  have  defcribed  had 
there  been  no  adlion  of  the  fun  at  all. 


CONCLUSIOX. 

Ariftotle  concludes  his  treatifc  de  mundo^  with 
obferving,  that  "  to  treat  of  the  world  without 
%ing  any  thing  of  it's  author  would  be  impious/* 
^  there  is  nothing  we  meet  with  more  frequently 
*nd  conftantly  in  nature,  than  the  traces  of  an  all- 
governing  Deity. 

The  philofopher  who  negledls  thefe  traces, 
*nd  contents  himfeif  with  the  appearances  only 
^f  the  material  univcrfe,  and  the  mechanical  laivs 
^f  motion,  negledts  what  is  mojl  excellent ;  and  pre- 
fers what  is  imperfect  to  what  is  fuprcmdy  perfect 
U  2  linitude 
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finitude  to  infinity^  what  is  narrow  and  weak  to 
what  is  unlimited  and  almighty^  and  what  is  pe«i 
rifiiing  to  what  endures  for  ever.  Thofe  who  do 
hot  attend  to  the  manifeft  indications  offupremi 
ivifJovi  and  ^oodnefs  pcrpct^ually  appearing  before 
them,  wherever  they  turn  their  views  or  inquiries, 
too  much  rcfemblc  thofe  ancient  philofophers,  who 
made  nighty  matter,  and  chaos,  the  original  of  aH^ 
things. 

The  plain  argument  for  the  cxiftcncc  of  the 
Deity  obvioub  to  all,  and  carrying  with  it  irrcfifti- 
blc  convidion,  is  from  the  evident  contrivance  and 
fitncfs  of  things  for  one  another,  which  we  meet 
with  throughout  all  parts  of  the  univcrfe.  Thcit 
is  no  need  of  nice  or  fubtle  reafonings  in  this  mat- 
ter ;  a  manifeft  contrivance  immediately  fuggdb 
a  contriver.  It  llrikesus  like  a  fenfation;  artful 
reafonings  againft  it  may  puzzle  us,  but  it  is  with- 
out fhaking  our  belief. 

No  pcrfon,  for  inftancc,  that  knows  the  prin- 
ciple of  optics,  and  the  Uruv^ure  of  the  eye,  can 
believe  that  it  was  formed  without  (kill  in  that 
fcicnce  ;  or  that  the  ear  was  formed  without  the 
knowledge  of  founds  ;  or  that  male  and  female  in 
animals  were  not  formed  for  cAch  other,  and  for 
continuing  the  fpecies.  All  our  accounts  of  na- 
ture are  replete  with  inilances  of  this  kind. 

The  admirable  and  beautiful  ftrudUirc  of  things 
for  final  caufcs,  exalts  our  idea  of  the  contriver; 
the  unity  of  the  dclign  flicws  him  to  be  one;  revela- 
tion, that  this  one  is  Jtjus  Cbr/JL  The  great  mo- 
tions in  the  fyftcm  performed  with  the  fame  facili- 
ty as  the  Icaft,  fuggeil  his  ulw;)>ljty  pczcer,  which 
ga\e  Hiotion  to  the  earth  and  the  celeftial  bodies, 
with  rqual  eafe  as  to  the  rninutcll:  particles.  The 
fubriity  of  the  motions  and  actions  in  the  internal 
})arr=i  of  boditb,  flicus  that  his  i;:yViV^;;f ^  penctratei 
flic  inmoft  rccdies  oi   tilings,  and  is  every  whcr< 

exerted 
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exerted.  The  fimplicity  of  the  laws  that  prevail 
in  the  univerfe,  the  excellent  difpofitions  of  things, 
in  order  to  obtain  the  beft  ends,  and  the  beauty 
vhich  adorns  the  works  of  nature,  far  fuperior  to 
any  thing  in  art,  fuggeft  his  confummatc  ivifdom^ 
The  ufcfulnefs  of  the  whole  fcheme,  fo  well  con- 
trived for  the  intelligent  beings  that  enjoy  it,  with 
the  internal  difpofitions  and  moral  ftrudturc  in  thofe 
beings  themfclves,  flicw  his  unbounded  ^W;f^/>. 

Thefe  are  arguments  which  are  fufficientl^^ 
open  to  the  views  and  capacities  of  the  unlearnecl, 
while  at  the  fame  time  they  acquire  new  ftrength 
and  luftre  from  the  difcoveries  of  the  learned. 
God  afting  and  interpoling  in  the  univerfe,  flicws 
that  he  governed  it,  as  well  as  that  he  formed  it;  and 
the  depth  of  his  counfcls,  even  in  condudling  the 
material  univerfe,  of  which  a  great  part  furpaflcs  our 
knowledge,  keeps  up  an  inward  veneration  and  awe 
of  this  great  Being,  and  difpofes  us  to  receive  what 
may  beothcrwifc  revealed  to  us  concerning  him. 

It  has  been  juftly  obfcrved,  that  fome  of  the 
laws  of  nature  now  known  to  us,  muft  have  ef- 
caped  us  if  we  had  wanted  the  fcnfe  of  light. 
God  can  beftow  upon  us  other  fenfcs  of  which  we 
have  at  prefent  no  idea,  without  which  it  may  be 
impoflible  for  us  to  know  all  his  works,  or  to  have 
more  adequate  ideas  of  his  naiurc.  In  our  prefent 
ftate  we  know  enough  to  be  convinced  of  our  de- 
pendency on  him,  and  of  the  duty  we  ow  e  to  him 
as  the  Lord  and  difpoicr  of  all  things. 

Though  the  pow  cr  of  Goo  is  manifcflcd  in  all 
his  works,  it  is  in  the  heavens  that  it  Hill  fecms  to 
beam  forth  in  it*s  grcatclt  luftre.  By  his  power 
aL^ing  there,  he  directs  the  courfcs  of  the  planets, 
determines  the  circunillan(  es  of  their  mor.ions,  and 
fixes  the  tiuK's  of  their  revolutions.  As  a  CJencral 
at  the  head  of  an  army,  hi-  gives  the  fignal  to  the 
heavenly  bodies,  and  immediarclv  rhev  iLoor  forth, 

U  3  '        '  :ind 
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and  proceed  in  their  proper  orbits.  It  is  in  cm 
quence  of  the  laws  laid  down  by  him,  that  i 
moon  goes  round  the  earth  in  a  month.  It  ii 
that  has  combined  thq  two  motions  of  the  cai 
one  by  which  we  obtain  the  viciflitudes 
day  and'  night;  the  other  by  which  the  l 
fons  of  the  year  are  brought  about.  He  it 
who,  at  the  appointed  times,  fends  falutary  wir 
and  fruitful  rains  and  dews ;  who  gathers  togci 
the  waters  in  their  fourccs,  and  caufes  them  to  I 
from  thence  in  the  beds  of  rivers,  to  their  great 
ccptacle  the  fca.  It  is  he  who  makes  the  bud 
open,  the  fruits  to  ripen,  and  animals  to  be  pi 
fie,  ordering  all  things  according  to  their  diffc 
nature,  regulating  their  birth,  their  growth, 
their  dilTolution. 

Though  the  Author  of  fo  many  wonder 
invifible,  you  cannot  on  that  account  deny 
power,  or  doubt  his  exiftence.  You  cannot 
your  foul,  yet  the  efFeds  it  produces  in  you 
around  you,  are  fenfible  proofs  of  it's  exiftc 
It  is  the  fame  with  many  of  the  operations  in 
turc.  In  like  manner,  God  alfo,  though  invi 
in  himfelf,  is  vifible  in  all  his  works,  and  in  1 
appears  equally  llrong  in  power,  admirable  in 
dom,  eternal  in  duration,  and  fuprcme  in  pei 
tion. 

The  whole  univerfc  confpircs  to  celebrat 
praifc,  from  whom  it  derives  all  it's  majefty 
beauty.  I'he  fun  that  fliincs  in  brightnefs,dec 
the  incfrablc  fplcndor  of  it's  almij:^hiy  creator. 
moon  and  ftars  proclaim  to  an '  undcrftar 
heart,  the  adorable  povvcr  of  the  hand  that  g 
thtm.  1  he  earth,  fo  richly  flocked  with  pre 
tions  of  higher  and  loucr  rank,  with  the  va 
kinds  of  vegetable  and  animal  life,  paint  ii 
Ilronp-rfl.  terms,  the  riches  of  the  divine  ns 
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kmivhom  ifTues  z\\  that  adorns  the  earth>  im- 
[>vcs  the  mind,  and  delights  the  fcnfcs ;  govern- 
{all  things  with  infinite  wifdom,  goodnefs  unli- 
itd,  power  uncontrouled. 

That  a  Divine  Mind  pre  fides  over  and  governs 
iumverfe^  is  indeed  the  natural  conclufion  drawn 
common  reafon,  from  the  evidence  of  co?nmon 
ifr.  For  who  that  fees  ^his  iiniverfal  frame  thus 
mdrous  fair^  but  muft  infer  the  caufe  of  it  to  be 
11  of  wondrous  beauty  ?  Who,  that  obferves  ever 
(lightly  that  conjlancy  which  is  in  the  motions 
the  planets,  and  in  the  rilings  and  fettings  of 
e  fixed  ftars,  &c.  can  poffibly  imagine  the  incon^ 
ncy  of  chance  to  be  the  mover?  What  man,  not 
^ordered  in  his  own  mind,  can  fuppofe  any  other 
ing  than  mind  to  be  the  caufc  of  that  everlafting 
ierj  which  appears  in  the  regular  interchanges  of 
e  elements,  and  the  circling  returns  of  the  fuc- 
(live  feafons. 

As  far  as  I  havccon;luc5led  you  through  various 
anchcs  of  natural  phiiofophy ;  as  far  as  I  have 
ocecded  in  giving  you  a  general  view  of  the  fyf- 
n  of  the  world,  beauty  has  every  where  ftruck 
ur  eye,'  and  engaged  you  to  proceed  and  fcruti- 
it  further  the  operations  in  nature.  The  more 
curate  your  fcri: tiny,  the  more  you  v.ill  difcover 
regularity ^  fymme try y  and  order^  in  the  conlhtu- 
>n  of  nature's  frame ;  the  further  you  penetrate 
:o  her  deep  recclles,  dividing  and  fubdividmg, 
ening  and  unfolding,  the  miiiutcll  part  of  every 
[iblc'form,  the  (till  more  you  will  find  of  beauty 
tbin  beauty^  and  find  every  order  to  contain  a  va- 
:ty  of  other  orders. 

When  you  fee  the  fun  arrayed  in  glory,  and  the 
mdeur  of  it's  departing  beams  ! 

When   you   view   the  gilded  clouds,  and  the 
It  of  the  evening  brighter  than  vermillion! 

When   you    lurvcy    the    ilarry     concave    of 
ii  4  heaven 
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heavcn>  glittering  with  the  brightnefs  of  innume« 
rable  worlds! 

When  you  fee  the  pale  moon  alfo,  arifing  and 
difFufing  it*s  folemn  light  over  the  face  of  the 
earth! 

Are  you  not  filled  with  reverence  ?  can  you  re- 
frain from  lifting  up  your  foul  unto  it's  maker? 

How  great  is  the  creator  of  all  thefc  things,  ya 
how  powerful  and  good ! 

O  Lord  God;  all  that  is  in  heaven  and  in- 
earth is  thine^  and  thou  upholdeft  all. 

Adored  by  thy  name,  for  ever  and  ever:  and 
be  thou,  O  moft  mighty,  glorified  in  all  ibj 
works.* 

*  King's  Hymns  to  the  Supreme  Being, 
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LECTURE  XLVL 


Of  Electricity. 

MR.  STILLINGFLEET  has  well  obferved, 
that  if  the  whole  fcene  of  nature  were  laid 
open  to  our  view,  were  we  permitted  to  behold  the 
connexions  and  dependencies  of  every  thing  on 
every  other,  and  to  trace  the  oc^conomy  of  nature 
through  the  fmaller,  as  well  as  the  greater  parts  of 
this  globe,  we  fliould  probably  find,  that  the  great 
arcbiteSi  had  contrived  his  works  in  fuch  a  manner, 
that  we  cannot  properly  be  faid  to  be  unconcerned 
in  any  one  of  them  ;  and  therefore,  thofe  ftudics, 
which  feem  upon  a  flight  view  to  be  quite  ufclefs, 
may  in  the  end  appear  of  no  fmall  importance  to 
mankind. 

If  you  look  back  into  the  hiftory  of  arts  and 
fciences,  you  will  be  convinced,  that  men  are  apt 
to  judge  too  haftily  of  things  of  this  nature;  you 
■will  there  find,  that  he  who  gave  curiofity  to  his 
creature,  man,  gave  it  for  good  and  great  purpofcs; 
and  that  he  rewards  with  ufcful  difcovcrics  what  in 
the  firft  inftance  are  condemned  as  trifling  or  mi- 
nute refearches. 

But  it  is  true,  that  thcfc  difcovcrics  are  not  al- 
ways made  by  the  fearchcr,  or  his  cotemporarics, 
or  fometimes  even  by  the  immediate  fuccccding 
generation;  but  there  can  be  no  doubt,  but  what 
advantages  of  one  kind  or  other  always  accrue  to 
mankind  from  an  invcfligation  of  the  operations  in 
nature.  Some  men  :irc  born  to  obfcrvc  and  record, 
what  perhaps  by  itfclf  is  pcrfciftly  ufclcfs,  bur  yet  of 
great  importance  to  another  who  follows  and  goes  a 
ftep  further,  flill  as  ufclcfs  to  him  ;  another  fiiccccds 
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and  thus  by  degrees,  till  at  laft  one  of  fuperior 
genius  comes,  who  laying  all  that  has  been  done 
before  his  time  together,  brings  on  a  new  face  of 
things,  improves,  adorns,  exalts  human  focicty. 

All  thofe  fpeculations  concerning  lines  and 
numbers  fo  ardently  purfued,  fo  ^xquifitely  con- 
duced by  the  Grecians ^  what  did  they  aim  al? 
what  did  they  produce  for  ages  ?  A  little  aritlw 
metic,  and  the  firft  elcm,cnts  of  geometry,  wc« 
all  they  had  need  of.  This  Plato  affcrts; 
and  though,  as  being  himfclf  an  able  mathcDMh 
tician,  and  remarkably  fond  of  thofe  fcienccs, 
he  recommends  the  ftudy  of  them,  yet  he  majot 
ufc  of  motives  that  have  no  relation  to  the  com- 
mon purpofes  of  life. 

When  Kepler^  from  a  blind  and  ftrong  ifflr 
pulfc,  merely  to  find  analogies  in  nature,  difco- 
vered  that  famous  law  between  the  diftance  of  the 
feveral  planets  from  the  fun,  and  the  periods  in 
"which  they  complete  their  revolutions,  of  what 
importance  was  it  to  him  or  to  the  world  ? 

Again,  when  Galileo^  pufhed  on  by  the  fame 
irrefiftiblc  curiofity,  found  out  the  law  by  which 
bodies  fall  to  the  earth,  did  he,  or  could  he  fore- 
fee  that  any  good  could  come  from  his  ingenious 
theorems  ?  or  was  there  any  immediate  ufc  made  of 
them  ? 

Yet  had  not  the  Greeks  pufhed  their  abftrad 
(peculations  fo  far ;  had  not  Kepler  and  Galileo 
hiadc  the  above-mentioned  difcovcries,  we  never 
could  have  feen  the  grcatcft  work  that  ever  came 
from  the  hands  of  man.  Sir  Ifaac  Neiv Ion's  Prin^ 
dpin. 

Some  obfcure  perfon,  whofe  name  is  not  fo 
much  as  known,  diverting  himfclf  idly  (as  a  (lander 
by  would  have  thought)  with  trying  experiments 
on  a  fccmingly  contemptible  piece  of  Jlone,  found 
put  a  guide  for  mariners  on  the  ocean^  and  fuch  a 

guidej^ 
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gaide,  as  no  fcience,  however  fubtil  and  fublimc 
*t*s  fpcculations  may  be  however  wonderful  it'» 
conclufions,  could  ever  have  attained.  It  is  the 
fame  with  eleclricity.  Who  could  have  fuppofed, 
on  feeing  a  perfon  amuling  himfclf  with  the  effeft 
jof  excited  amber  on  light  bodies,  thiit  this  was  one 
of  the  firft  links  in  a  fciencc  that  ilioiild  teach  men 
how  to  difarm  the  clouds  of  lightning,  divcft  the 
H^rm  of  it*s  terrors,  and  give  lifcand  power  to  the 
animal  frame. 

Other  inflances  might  be  produced  to  prove, 
that  bare  curlolity  in  one  age,  is  the  fource  of  the 
greateft  utility  in  another  ;  and  what  has  been  frc* 
quently  faid  of  the  chcmifls,  may,  perhaps,  be  ap-. 
plied  to  every  other  kind  of  virtuoli.  They  hunt, 
perhaps,  after  chimeras  and  impoflibijitics,  and 
find  fomething  really  valuable  by  the  bye.  We  are 
but  inftruments  under  the  supreme  dikector,  and 
do  not  know  in  ma:!/  cafes,  whrt  is  of  moll  im- 
portance tor  us  to  fearch  after ;  but  we  may  be  furc 
pf  one  thing,  that  if  we  ftudy  and  follow  nature, 
whatever  paths  we  arc  led  into,  we  fliall  at  laft 
arrive  at  fomething  valuable  to  ourfelvcs  and 
others,  but  of  what  kind,  we  mufl:  be  content  to 
be  ignorant. 

The  nature  of  aqueous  vapours,  of  fire,  and  the 
.cleflrical  fluid,  will  clearly  prove  to  you,  that  a 
number  of  fubftances  may  act  in  nature  without 
being  known  to  us,  and  that  it  is  our  ignorance  of 
their  exiftence,  which  envelopes  in  obfcurity  fo 
many  phenomena. 

If  it  were  not  for  the  vifible  diminution  of 
"u-atcr  when  it's  furhicc  is  cxiH^fcd,  and  for  th.e  hy- 
grofcopical  appearances,  we  l]\ould  not  have  known 
ihat  aqueous  vapo^irs  cxilled  in  the  atmofphere. 
Notwithllandingail  ihcfe  phenomena,  there  are  (till 
thofc  who  do  not  adnnr  their  exiilence.  It  is  not 
difficult,  however,  to  Ihew  iha:  the  cJleclij produced 
'  by 
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^Ibe  "excited.     The  appearances   are  termed  Jigns  of 
■  €leffricity. 

Here  is  a  fine  downy   feather  tied    to  a  Jilk 
gftring;  I  eleftrify  it  ftrongly,  by  touching  it  with 
'-^hc  excited glafs  tube,  and  it  immediately  flics  from, 
or  is  repelled  by  the  glafs  tube.  I  now    prefent  an 
excited  (lick  oi  fealing-^zvaXy  and  the  feather  im- 
mediately flies  towards  it.    Thus  you  fee,  that  what 
is  aiiraffed  by  excited  zvax^  is  repelled   by  excited 
-glafs.     This  experiment  gave  rife  to  a  very  impor- 
Tant  diftinitioii  in  clcdliicity,  implying  a  contrariety 
of  agency  therein,  and  one  power  or  agent  was  de-« 
tiominated  vitreous^  the  other  refinoiis   clccSlricity. 
further  difcoverics  flicwcd,  that  glafs  or  wax  would, 
mccording  to  the  circuR;ftances  in  which  they  were 
iituated,  produce  cither  power. 

Our  two  next  experiments  leadalfo  to  another 
very  important  didindion  in  this  branch  of  fcicncc. 
'I  fufpend   a  brajs  ball  by  a  ivire  from  the  end  of 
•the  glafs  tube  oppolitc  to  my  hand,  and  excite  tht 
tube  as  before ;  as  Ibon  as  the  tube  is  excited,  you 
■"will  find  that  the  ball  h:is  acquired  all  the  electric 
•properties  of  the  cube  ;  it  will,  like  it,  attract  light 
bodies,  and  give   the  fpark.     Let  us  now  fufpend 
the  ball  by  a////:  ftring,  and  excite  the  tube  as  be- 
fore; you  may  now  rub  as  long  as  you  pleafe,  but 
the  ball  will  exhibit  no  figns  of  electricity.     Here 
then  we    have   two  fubllances,    through   one    of 
which,  the   zt?;V<f,  the  clcdric   properties   may    be 
conveyed  ;  whereas  the  other,  that  is,  the  JUk^  pre- 
vents their  pafTmg  to  the  ball.     The  zvirc  is  there- 
fore called  a  cGKdu^ior  of  eledlricicy.     The  filk  is 
termed  a  yion-  conducior. 

Or  in  more  general  terms,  all  :'.  '^fc  bodies, 
through  which  the  cicftrical  iliiid  is  r-anfmitted 
freely,  ar-j  terrncd  ronduLlors,  'I  hofe  boJic::, 
through  which  it  does  not  \^'\{^  fo  frc;;ly,  are  called 
non-conducUrs. 

A  body 
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bu:h  other.  3.  That  bodies  eleftrified  with  con- 
trary powers,  attradt  each  other. 

As  thofe  light  fubftances  which  poflefs  the 
|une  electric  power  repel  each  other,  it  will  always 
>c  eafy  for  you  to  dif cover  with  what  pov:er  they  are 
"leSfrtJied.  If  they  are  repelled  by  excited  glafs,  they 
mifefs  the  vitreous  eledlricity ;  if  they  are  attradt- 
d  thereby,  they  are  refinoufly  eledlrificd ;  on  the 
lontrary,  thofe  attraded  by  excited  wax,  are  vi- 
rcoufly,  and  thofe  repelled  thereby,  refinoufly  clec- 
rified.  In  afcertaining  the  nature  of  the  eledlric 
K>wer,  you  muft  avoid  bringing  the  bodies  to  be 
ried  near  each  other  fuddenly;  or  one  ftrongly 
ledirified  too  near  one  that  is  weakly,  fo  as  it  may 
ender  the  experiment  doubtful,  for  reafons  that 
irill  foon  be  apparent. 

Before  I  go  any  further,  it  may  be  proper  to 
30int  out  to  you  the  leading  feature  of  that  theory 
if  cieftricity,  (Mr.  Eeles's)  ♦  which  I  adopt  in  thefc 
Lcdhires.  I  confider,  with  him,  all  thofe  eledrical 
iperations  that  are  manifefted  to  the  fenfes,  as  oc- 
:afioned  by  two  dijlin^,  pojitive,  and  atlive  powers, 
vhich  equally  and  ftrongly  attract  and  condenfe 
ach  other ;  but  when  by  any  circumftance  they 
ire  rendered  unequal  to  each  other,  the  increajed 
power  expands  into  an  atmofphcre. 

Thefe  two  powers  exift  toju^ethcr  in  all  bodies  ; 
n  their  natural  ftatc  they  are  always  conjoined :  the 

eledlric 

*  See  "  Eclcs's  Philofophical  EfTays  in  fcveral  letters  to  the 
Hoyal  Society,  London,  1771."  On  a  comparilon  of  this  work. 
with  the  greater  part  of  the  modern  writers  on  ektlricity,  vou 
fcvill  find  that  they  have  been  gradually  giving  up  the  moil  cflcn- 
ialdiftindionsof  the  Franklinian  theory,  and  adopting  ihofc  of 
Mr.  Eeles.  See  Willon,  Ilenly,  Gray,  Miiner,  Brooke,  jVarr, 
Ready  &c.  &c.  And  you  will  find  him  laying  down  punciplrs, 
ind  making  experiments,  that  have  v.ithin  a  few  years  been 
brought  forwards  as  new  ;  iome  have  indeed  been  nj\'Hed  at 
firfl,  becaufe  deemed  contradiGoiy  to  a  favoui.tc  lacory,  but 
ivhich  nave  fincc  been  fully  acknowlcd>^ec^. 
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clcdric  figns,  of  what  we  call  eleQricity^  arc  onb 
rendered  fenfible  to  us  by  the  reparation  of  thcK 
powers.  In  other  Mords,  though  the  tUQiPi 
matter  is  adling  the  moil  important  part  anM)fl| 
the  operations  in  nature,  in  it's  united^  and  to  ui£ 
tent  and  invijible  ftatc,  yet  it  becomes  noobjcfttOj 
our  fenfcs,  till  it's  powers  arc  feparated  and  rcbdo^l 
ed  unequal. 

When  the  powers  are  feparated  and  brouf^^ 
into  adion,  the  increafed  power  expands,  an4| 
forms  what  may  be  termed  an  cledtrical  atmo- 
fphere.  If  any  body  be  immerged  in  this  atmo- 
fphere^  the  powers  thereof  are  feparated,  and  that 
which  is  of  the  fame  kind  with  the  atmofpbere  if 
repelled^  while  the  contrary  power  is  attraded:  » 
long  as  the  body  remains  inimerged  therein,  the 
powers  remain  feparated.  It  is  however  to  be  ob- 
ferved,  that  in  exciting  cledrics>  the  powenaic 
never  entirely  feparated.  The  diminiftied  powcf 
acts  inward  to  the  ele<5lric,  while  the  increafed 
power  ads  outzvard  with  an  extenfive  atmofpbere. 

I  hold  excited  glafs  over  this  cylinder,  /j.  l» 
pL  16,  but  at  a  certain  diftancc  from  it  (which  dif- 
tance  will  depend  upon  the  power  of  the  glafs);  it 
repels  the  vitreous  eledricity  of  the  tube  in- 
to the  balls,  which  will  diverge  with  vitreous 
tlcdricity,  and  will  of  courfc  recede  from  ex- 
cited glafs.  I  remove  the  excited  glafs  from  over 
the  balls,  and  they  clofc.  A  temporary  feparatioii 
of  the  cleclric  matter  inherent  in  the  cylinder,  i^ 
in  this  inftance  produced  by  the  influence  of  the 
excited  glafs  ;  as  foon  as  this  influence  isremovcdt 
the  powers  unite,  and  the  balls  clofe. 

I  now  place  two  cylinders,  \\  ith  their  ends  io 
contad:  with  each  other,  Jj^.  2,  />/.  i,and  hold  the 
excited  tube  over  the  end  A  ;  each  pair  of  balb 
diverge.     While  they  are  in   this  flate,  feparat< 
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them  one  from  the  other,  and  you  will  find  the 
balls  of  A  to  be  vitreoufly  eledlrified,  and  thofe  of 
B  refinoufly  fo  ;  proving,  that  while  the  body  re- 
mained immerged  in  the  atmofphere,  the  elec- 
tric powers  thereof  were  feparated,  one  being  at 
each  end.  Bring  the  tubes  together  again,  and  the 
balls  immediately  cloje;  proving,  i .  That  the  feparat- 
ed powers  attrad:  each  other.  2.  That  when  united, 
they  condenfe  each  other,  and  that  all  eleQric  figns 
are  immediately  loft.  3.  The  co-exifience  of  the 
two  powers  in  the  cylinders. 

Again  elecftrify  the  balls  equally,  but  with  the 
fame  powers,  then  bring  the  ends  of  the  cylinders 
together,  and  the  divergence  of  the  balls  will  not 
be  altered  ;  which  ftiews,  that  equal  atmofpheres  of 
the  fame  kind  do  not  adt  on  each  Other. 

Hold  an  excited  glafs  tube  over  the  cylinder, 
jig.  4,  pi.  I,  and  at  the  fame  time  keep  one  of 
your  fingers  in  contadl  with  the  oppofitc  end  of 
the  cylinder,  remove  the  glafs  tube  and  finger  to- 
gether, and  the  balls  will  diverge  with  rcfinous 
cleAricity  ;  for  on  trying,  you  will  find  them  fly 
towards  excited  zviiXy  and  recede  from  excxluA  glafs. 
The  vitreous  power  is  repelled  by  the  excited  tube, 
and  pafles  into  the  finger,  which,  in  exchange, 
communicates  rcfinous  electricity  to  the  cy- 
linder. 

The  tendency  of  an  electric  atmofphere  to 
produce  the  contrary  electricity,  in  the  bodies  con- 
tiguous to  it,  ispleafingly  illuitratcd  by  the  folhiw- 
ing  experiment.  In  this,  there  are  four  cvlinders, 
A,  B,  C,  l>yflg.  3,  pi.  I  ;  excited  glafs  held  over  A, 
repels  the  vitreous  powei-  into  13,  and  draws  the  rc- 
finous into  A;  in  the  lame  nv.;nner,  B  repels  the 
vitreous  power  of  C  into  D,  aiui  dniv. ..  thu  reiinoi:s 
into  C;  feparate  B  and  D  from  A  and  C,  j;.:lt  be- 
fore the  cxciied  glafs  u  removed,  and  you  will  find 
A  and  C  pclIelTing  the  reuno^:s,  B  and    D  tlie  vi- 
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Or  THE  Electrical  Machine,  and  it's  Mode  of 
Action. 

By  turning  the  handle  of  the  machine,  and  of 
courfc  the  glafs  cylinder  which  moves  with  it,  elec- 
tricity is  produced  ;  and  this  we  fliall  find,  as  before, 
df  two  kinds,  each  ftrongly  attraftive  of  the  other, 
though  repulfive  of  a  fimilar  kind;  when  united, 
the  cxpanfive  power  they  before  exerted,  is  con- 
dcnfcd,  and  all  eleSric  figns  vanilh. 

To  render  thefe  pofitions  clear,  I  infert  a  wire 
in  the  culhion,  and  another  in  the  conductor  ;  each 
of  thefe  is  furnifhed  with  a  brafs  ball  at  top,  and 
each  of  them  has  a  Aiding  wire  with  balls  on  it's 
end,  that  it  may  be  fct  at  any  convenient  diftance 
from  the  other.  On  turning  the  cylinder,  you  ob- 
fcrve,  I.  That  I  can  obtain  an  electric  fpark  from 
the  balls  of  either  wire  on  prefenting  my  knuckle 
thereto.  2.  That  a  ftrong  fpark  will  pafs  from  one 
ball  to  the  other.  3,  That  on  holding  a  cork  ball 
fufpended  by  filk,  between  the  two  brafs  balls,  it  is 
alternately  attradled  and  repelled  from  one  to  the 
other.  4.  Eledlrify  a  pair  of  infulatcd  balls  by  the 
cufhion,  and  you  will  find  them  to  poifefs  the  refinous 
clecflricity;  eledrify  them  by  theconduilor,and  they 
will  poflefs  the  vitreous  power.  5.  Join  the  balls 
together,  and  all  cledric  figns  vanilh^ 

On  the  other  hand,  if  you  place  both  wires 
either  on  the  conductor,  or  the  culhion,  you  will 
find  that  no  fpark  will  pafs  between  them,  that  the 
cork  ball  remains  ftationary,being  neither  attracted 
nor  repelled  by  the  balls,  and  this  becaufc  the) 
both  poflefs  the  fame  kind  of  electricitv. 

From  thefe  experimenr.s  we  infer,  that  the 
condiiclcr  and  the  cujhion  are  elcctrilied  with  dif- 
ferent powers;  that  one  attracts  Vv  hat  the  other 
repels,  and  that  when  they  are  unireJ,  they  exhihii. 
t'GjJgns  of  electricity  ;  that  on  the  feparaiion  of  tho 
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powers  by  excitacion>  one  power  attmcliei  ttfdffo 
the  excited  ele£lric^  the  oihtr  to  the  ruihet. 

The  whole  variety  of  eledrical  experimeiiti 
appear  to  be  nothing  more  than  diflfercnt  modet> 
of  deftroying  or  reftoring  an  equilibrium.    By  de«,: 
ftroying  the  equilibrium,  iwo pofitive  powers  utit 
the  fame  time  produced.     By  reftoring  the  equilU' 
brium,    all  things  return   to   their  natural  ifatt^; 
and  every  appearance  of  eledricity  ceafes.    The 
tM'O  powers  are  fo  connedted,  that  one  can  ptitx 
be  exhibited  without  producing  the  other.    It  it 
probable,  that  in  the  general  operations  of  nature; 
this  fluid  always  a<5ts  in  it*s  united  form^  that  ia 
which  it  is  to  our  fenfes  latent  and  invtfible.    . 

On  turning  the  cylinder  and  feparating  it  from 
the  (ilk,  the  eledric  powers  are  feparated,  the  qf- 
linder  gives  it's  rcfihous  power  to  the  cufhion  it 
exchange  for  the  vitreous ;  the  condu(5lor  in  like 
manner  exchanges  it's  powers  with  the  cylinder} 
for  as  long  as  the  culhion  communicates  with  the 
table  by  a  chain,  and  you  continue  turning  the 
cylinder,  you  will  find  the  conductor  ftrongly  elec- 
trified with  the  vitreous  power.  Take  the  chain 
from  the  cufliion,  and  fufpend  it  from  the  conduc- 
tor ;  on  turning  the  cylinder  you  will  find  the. 
cufliion  flrongly  cleclrified  with  the  refinous^^tu 
CVnncdt  the  culhion  and  condudor  by  a  chain,  anid 
the  powers  reunite  almoft  as  foon  as  they  are  fepa* 
rated,  and  the  clcdrical  figns  di/appear. 

Wc  now  fee  why  conducing  fuhjlances  cath 
7iot  be  clcnrijied  unlejs  they  arc  injulated.  It  is  be- 
caufe  the  two  powers  join  inftantancoufly  in  the  non- 
condudor,andcan  therefore  exert  no  fenfible  adion. 

When  I  turn  the  cylinder  flowly,  only  afmall 
quantity  of  the  fluid  is  excited,  and  it  does  not  fly 
iar  in  the  form  of  a  fpark ;  but  when  I  turn  fome- 
what  faftcr,  and  make  the  black  filk  adhere  to  the 
glafs,  the  quantity  of  excited  eledricity  is  con- 
iidcrably  increafed.      The  flalh  or   fpark  pafies 

through 
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IjTOiigh  a  greater  fpace,  and  alTumes  a  crooked  or 
tig-2ag  dircclioiij  rcfembling  the  flaflies  of  light- 
ling.  The  brilliancy  of  the  fpark  depends  much 
Ml  the  prefTurc  of  the  atmofphcre ;  for  the  fpark 
^hich  explodes  in  atr  is  vivid  like  lightning  *  1^»^^ 
;f  the  fame  be  tried  in  an  exbaujled  receiver^ 
of  a  fpark  and  explollon,  you  have  only  a 
\faint\  diluted  ft  ream. 

f        Before  1  proceed  to  other  experiments,  I  fh 
fcxplain  your  machine  more  fully,  and  fhew  y 
liow  to  excite  it  powerfully.      The  parts  of  th 
machine,  which  fall  more  immediately  under  your 
;attcntion,  are,  i.  The  ek^rie^  or  the  glafs  cylinder 
which  is  to  be  excited,     i-  The  mechanical  coniri^ 
nances  by  Mhich  it   is  put  in  motion.      3.    The 
4Cufi}iQn  and  it's  appendages.     4.  The  conducJor^  or 
xonducTtors. 

The  glafs  cylinder  of  the  machine  before  you, 
wfy*  5»  fi*  If  is  piit  in  motion  by  a  fimple  winch, 
'This  islcfs  liable  to  be  out  of  order,  than  thofe  that 
arc  turned  with  a  multiplying  wheel,  and  will  alfo 
enable  you  to  excite  the  machine  more  powerfully* 
The  cylinder,  T  G  H  I,  is  fupported  by  two  ftroiig 
perpendicular  pieces,  D  E<     The  axis  of  one  cap 
^  of  the  cylinder  moves  in  a  fmall  hole  at  the  upper 
part  of  one  of  the  fupports.     The  oppolite  axis 
paffes  through  the  upper  part  of  the  other  fupport. 
To  this  axis  the  winch  or  handle  is  fitted.     The 
cnlhion  is  fupported  and  infulated  by  a  glafs  pillar; 
the  lower  part  of  this  pillar  is  fitted  into  a  wooden 
focket,  to  which  a  regulating  fere w  is  adapted,  to 
incrcafe  or  diminifh  the  preinire  of  the  cufhion 
againrt  the  cylinder*     A  piece  of  lilk  comes  from 
the  under  edge  of  the  cufiiian,  and  lies  on  che  cylin- 
der, paffing  between  it  and  the  culhion,  and  pro- 
ceeding till  it  nearly  meets  the  collcding  points  of 
the  conduftor.  The  more  ftrongly  this  lilk  is  made 
W  adhere  to  the  cylinder,  the  itronger  is  the  de- 
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gree  of  excitation.  Before  the  cylinder,  or  op- 
pofitc  to  the  cufhion,  is  a  metallic  tube  Y  Z,  fup- 
portcd  by  a  glafs  pillar  L  M.  This  is  fometimca 
called  the  prime  conduHor^  often  only  the  conduRou 
For  the  more  convenient  trying  experiments  on 
the  two  powers,  and  exhibiting  the  different  ftatcs 
of  the  cufhion  and  condudlor,  there  are  two  wires 
to  be  fixed  occafionally,  the  one  to  the  condudor, 
the  other  to  the  cufhion ;  on  the  upper  part  of 
thcfc,  are  balls  furnifhcd  with  Aiding  wires,  that 
they  may  be  fct  at  various  diftanccs  from  each 
other. 

Before  the  clcdlrical  machine  is  put  in  motion, 
examine  thofc  parts  which  arc  liable  to  wear  either 
from  the  fridion  of  one  furface  againfl  another, 
or  to  be  injured  by  the  dirt,  that  may  infinuatc 
itfclf  between  the  rubbing  furfaces.  If  any  grat- 
ing or  difagrccable  noifc  is  heard,  the  place  from 
whence  it  proceeds,  muft  be  difcovered,  wiped 
clean,  and  rubbed  over  with  a  fmall  quantity  of 
tallow;  a  little  fweet  oil  or  tallow  fhould  alfo  be 
occafionally  applied  to  the  axis  of  the  cylinder. 

The  Tcrcus  that  belong  to  the  frame  fiiould 
be  examined,  and  if  they  arc  loofe,  they  fliould  be 
tightened. 

The  different  working  parts  of  the  machine 
having  been  looked  into,  and  put  in  order,  the 
glafs  cylinder,  and  the  pillars  which  fupport  the 
cufiiion  and  conductor,  ftiould  be  carefully  wiped 
with  a  dry  old  lilk  handkerchief,  to  free  them  from 
the  moiflure  which  glafs  attracfls  from  the  air, 
bejng  particularly  attentive  to  leave  no  moifture 
on  the  ends  of  the  cylinder,  as  any  damp  on  thcfe 
parts  carries  off  the  elec'tric  fluid,  and  leiFcns  the 
force  of  the  machine:  in  very  damp  weather  it 
will  be  proper  to  dry  the  whole  machine,  by 
placing  ii  before,  but  alio  at  fome  diftance  from, 
the  fire. 

Take 
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care  that  no  duft,  loofe  threads,  or  fila- 
ments, adhere  to  the  cylinder,  it's  frame,  the  con- 
ductors, or  their  infulating  pillars  ;  becaufe  thefc 
will  gradually  diflipatc  the  eledlric  fluid,  and  pre- 
vent the  nnachine  from  atling  powerfully. 

Rub  the  glafs  cylinder  firll  witha  cleanj  coarfe, 
dry,  warm  cloth,  or  a  piece  of  wafli  leather,  and 
then  with  a  piece  of  dry,  warm,  foft  filk;  do  the 
fame  to  all  the  glafs  infulating  pillars  of  the  ma^ 
chine  and  apparatus  ;  ihefe  pillars  miift  be  rubbed 
more  lightly  than  the  cylinder,  becaufe  they  are 
varnilhed. 

A   hot  iron  may  in  fome  cafes  be  placed  oa 

the  foot  of  the  condudor,  to  evaporate  the  moif- 

cure  which  would  other  wife  injure  the  experiments, 

•     T0  exciie  ymr  macbhit,  dean  the  cylinder^  and 

wipe  ibejilk, 

Greafe  the  cylinder  By  turning  it  againji  a  greafy 
Uather^  till  it  is  uniformly  oh/cured.  The  fal/aw  if 
a  candle  may  be  ufed. 

Turn  ihe  cylinder  till  the  filk  flap  has  wiped  off 
fa  much  &f  the  greq/'e,  as  t&  render  it  femi'tran/^ 
parent. 

Put  fome  amalgam  m  a  piece  &f  leather^  and 

fpread  it  v:ell^  Jo  that  it  may  be  umformly  bright i 

apply  this  agaiiift  the  turning  cylinder,  the  frif/iofi 

iviH  immediately  increajc^  and  the  leather  muji  not  be 

removed  until  it  ceafes  to  hcQme  gi'eater. 

Memot'e  the  leather,  and  the  ac/ion  of  the  ma^ 
rbine  zvitl  be  very  jlrong. 

7 he  prejfure  of  the  ciijhion  cannot  be  too  f mall ^ 
when  the  excitation  is  properly  made^ 

The  amalgam  is  that  of  Dr,  Higgins,  com- 
pofed  pf  zinc  and  mercury ;  if  a  little  mercury  be 
^dded  to  melted  zinc,  it  renders  it  eafily  pulver- 
able,  and  more  mercury  may  be  added  to  the  pow- 
der, to  make  a  very  foft  amalgam.  It  is  apt  to 
Cfyftallize  by  rcpofe,  which  feems  in  fomc  mcafure 

to 
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to  be  prevented  by  triturating  it  with  a  fmall  pro- 
portion  of  greafe:  and  it  is  always  of  advantage 
to  triturate  it  before  ufing. 

A  very  ftrong  excitation  may  be  produced  by. 
applying  the  amalgamed  leather  to  a  clean  cylin- 
der,  with  a  clean  nlk  ;  but  it  foon  goes  off^  and  is 
Jiot  fo  ftrong  as  the  foregoing,  which  lafts  feveral 
days« 

Of  the  Momentum  of  the  Electrical  Fluid. 

The  great  ftrength  and  velocity  difplayed  by 
the  eledrical   fluid    in   it's  motions,  is  an  objcft 
well  worthy  your  inveftigation:  and  if  it  be  grant- 
ed, (and  I  think  I  fhall  be  able  to  prove  it  to  you) 
that  the  eledlric  matter  is  the  fame  with  the  folar 
fluid,  then  will  the  ultmate  caufe  of  it's  momen- 
tum be  the  power  by  which  the  light  of  the  fon 
is  propagated,  the  prcffure  of  which  being  equal 
all  round   upon  ^all  bodies,  it  can  neither  move 
them  one  way  nor  the  other.     But  if  by  means  of 
any  other  power,  this  prcffure  is  Icffened  upon  any 
particular  part,  the  current  of  matter  will  fet  for- 
wards towards  that  place,  with  a  force  proportion- 
ed to  the  diminution  of  the  prcffure.     Thus,  in 
the  common  experiments  of  the  air-pump,  when 
the  air  is  exhaufted  from  the  receiver,  the  preffurc 
of  the  fuperincumbcnt  atmofphere  is  directed  to- 
wards every  part  of  the  glafs,  fo  that  if  it  be  of  a 
flat  fquare  fliape  and  not  very  ftrong,  it  will  cer- 
tainly be  broken.    Now  there  is  rcafon  to  fuppofc, 
that  after  the  air  is  exhaufted  from  the  receiver, 
it  is    full  of  another   fubtil     fluid   of  the  fame 
nature  with  the  eledric.     If  this  could  alfo  be  ex- 
tradled  from  the  receiver,  the  preffure  on  it's  fides 
would  be  much  greater,  becaufe  not  only  the  at- 
mofphere, but  the  whole  furrounding  ether,  would 
urge  towards  that  place ;  and  it  is  not  probable, 

that 
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"kftt  this  prcffure  could  be  refifted  by  any  force 
vliatfoever. 

The  momentum,  therefore,  of  the  eleQrical 
Fluid  depends  on  two  caufes,  the  prcjlure  of  the  at-* 
^ncjpbere  upon  the  eledlric  matter,  zvl^  the  prejfure 
o/^  one  part  of  this  matter  upon  ijj;othiry  which  is 
extended  throughout  the  immenlity  of  fpace.    The 
'force  and  velocity  of  the  fluid  depends,  therefore, 
in  a  great  meafure,  on  that  which  furrounds  us. 
-There  is  a  certain  ftate  of  this  fluid,  that  we  vio- 
late by  our  experiments;  when  this  violation  is 
..  =:ffnall,   the  powers  of  nature  operate  gently  in  re- 
:  ^(loring  the  difordcr  we  have  introduced;  but  when 
;  any  confiderable  deviation  is  occafioned,  the  fame 
powers  refl:ore  the  original  conftitucion  with  ex- 
treme violence. 

Experiments  on  Electrical  Attraction  and 
Repulsion. 

To  the  top  of  this  wire,  three  large  downy 
feathers  are  affixed  by  three  linen  threads.  I  infert 
the  lower  end  of  the  wire  into  the  prime  con- 
duflor ;  upon  turning  the  cylinder,  the  plumage 
expands  every  way,  the  threads  alfo  recede  as  far 
as  poilible  from  each  other.  If  I  place  my  fingers 
near  the  feathers,  all  the  plumulae  bend  towards 
it ;  if  I  move  my  finger  this  way  or  that,  they  all 
move  after  it  as  if  alive  ;  I  put  my  hand  on  the 
conduiftor,  immediately  the  threads  lofe  their  di- 
vergence, the  plumulae  collapfe,  and  fall  clofe  to- 
gether ;  I  take  my  hand  away,  the  threads  diverge, 
and  the  feathers  expand  as  before. 

I  cannot  explain  to  you  the  mcchanifm  which 
occafions  the  threads  to  diverge;  but  I  can  Hate 
thofe  fads  which  mull  concur  to  occafion  it.  Wc 
know  that  thofe  light  bodies  which  poflcfs  the 
iame  kind  of  cledncity  feparate  from,  or  repel 

each 
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ic  balL  while  that  affixed   to  the  condu<5tor  flics  I 
'ti:ards  it.     The  vitreous  atmofphcre  of  the  con^l 
lliiflor  repels  the  vitreous  power  of  the  ball  into  the  j 
and,  and  draws  the  relinous  power  into  it ;  the  ball  I 
ing  therefore  refinoufly   cledrificd,  attravfls  the  I 
pper  thread,  but  repels  the  lower  one,   which  is  ^ 
the  fame  ftate  with    itfclf,  as  adled  on   by    the  ' 
ime  caufes.     In  this  experiment  the  afflux  and  ef^ 
^ux  of  the  two  powers  is,  as  it  were,   vifible  to  the 
fenfcs.     You  will  find,  that  a  cmitrariety  of  porver 
tt/i  ahvays  precede^  and  is  abjolulcly  neceffary  to  dlti 
'tfdirical  atiyjcfion^  and  indeed  to  every  commu-  ] 
"cation  of  electricity,  1 

I  fufpcnd  a  fmaU  copper  plate  from  the  con-H 
uclor ;  underneath  this,and  at  a  fmall  diftance  from 
it,  is  a  larger  copper  plate  which  refts  upon  a  pro- 
per flind;  on  the  lower  plate  I  pur  a  leaf  of  gold, 
turn  the  cylinder,  the  leaf  rifcs  upon  the  plate,  and 
cjcpands  itfelf  into  a  perfect  plane,  with  one   cor- 
ner oppofite  the  upper,  the  other   corner  opjx)iit€ 
the  under  plate,  moving  quickly  upwards  and  down- 
wards  between  both  ;  I  lower  the  unler  plate  by  de- 
grees, the  motion  of  the  leaf  has    now  ceafed,  and  i 
it  remains  fufpended  in  the  air  between  the  two 
plates;  darken  the  room,  and  you  will  find  the  leaf 
fupported,  as  it  were,  by  pillars  of  fire  ;  now  aij  no 
fubiiancc  can  be  thus  fupported  m  equilibrio,  but 
by  the  joint  adion  of  two  forces  acting  in  oppofitr 
dircdions,  we  have  a  clear  proof  that  there  muft  be 
^iwo  forces  thuti  ading  in  the  prefcnt  inlUmce. 
^fe        Place    fome    fmall    paper    figures    of    men, 
^Pliromen,  &:c.    on    the   lower    plate,  Hg.   7,  pL    1  ; 
^^rn    the    cylinder,   and  you     fee  the   images  rife 
up,  moving    from  one  plare  to  the  other.     They 
generally   move   in   an  erect   poliiion,    fomctimci 
leaping  one  upon   another,  and  moving  in   fuch  a 
variety  of  poQures,  as   to   afford  much  entertain- 
^pient*     The  dance  between  them  has   fo  droll   aa 
^Blppearancc,  if  well  conducted,  that  there  are  few 
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experiment  will  not  fucceed ;  for  if  you  place  your 
imager  on  a  clean  dry  pane  of  glafsj  and  hold  this 
under  the  upper  plate  (firrt  removing  the  lower 
plate  ^nd  it's  ft  and),  you  will  find,  that  the  images 
win  not  be  put  in  motion,  notwithftanding  yoa 
continue  to  turn  the  machine.  Glafsdocs  not  tranf- 
mit  the  two  eledricities,  and  therefore  no  con- 
trariety in  the  cledric  ftate  of  the  image  can  be 
occafioned,  and  confcquently  it  will  not  move  back- 
wards nor  forwards  between  the  two  .plates*  But 
if  any  means  be  ufed  to  caufe  an  exchange  in  the 
powers,  as  by  holding  your  finger  under  the  glafs 
platCj  they  will  be  driven  backwards  and  forwards 
as  before. 

Here  is  a  fmall  apparatus,  confifling  of  three 
bells  with  two  clappers  between  them,  ^^5-,  6,  pL 
I  ;  they  are  fufpendcd  from  a  ft  rait  piece  of  bra  fs, 
the  tw^o  outer  ones  by  fmall  hrafs  chains,  the  mid- 
dle bell  and  the  clappers  are  fufpended  on  filk; 
from  the  middle  bell  there  is  a  chain  which  goes 
down  to  the  tabic ;  I  turn  the  machine,  and  the 
clappers  fly  from  bell  to  bell,  aftbrding  you  a  pleaf- 
ing  peal  by  cledricity.  The  power  from  the  con- 
dudtor  is  conveyed  down  the  chains  to  the  c3cterior 
bells ;  by  means  of  the  chain,  the  exterior  bells 
repei  the  fame  power  with  which  they  arc  elccftri- 
fied  from  the  ball  or  clapper,  which,  on  the  pa\ver» 
being  thus  feparated^  are  driven  to  the  outer  bell  by 
the  contrary  power  which  fits  in  from  the  table^&c. 
through  the  middle  bell  ^  the  ball  becoming  clec^ 
trifled  with  the  fame  power  as  the  middle  belU  is 
driven  back,  and  will  continue  going  from  one  to 
the  other,  as  long  as  the  oLiifide  bells  are  kept  in 
an  clcdrified  ftate  by  the  machine. 

If  you  take  hold  of  the  filk  cord  which  is  tied 
to  the  lower  end  of  the  chain  that  comes  from  thp 
middle  bell,  and  thereby  raife  that  chain  from  the 
table,  the  ringing  will  immediately  ftop;  for  filk 

being 
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being  a  non-condu<5lor,  prevents  the  afflux  and  (/- 
fux  of  the  fluids. 

As  the  apparent  attraftion  and  repulfionofall 
light  bodies  depend  on  the  afflux  and  efflux  of  the 
Jeparated  powers^  I  (hall  not,  in  (hewing  you  CVC17 
experiment,  enter  into  a  detail  of  thefe  circum- 
ftances;  hoping  that  what  I  have  already  faid,  will 
render  that  point  fufficientl^  clear.  I  turn  the  ma- 
chine with  one  hand,  and  hold  the  other  about  three 
or  four  inches  from  the  end  of  the  conductor;  drop 
a  fmall  lock  of  cotton  upon  the  hand  near  the  con- 
dudor,  and  the  cotton  immediately  jumps  from 
my  hand  to  the  condudlor  and  back  again^  ftrctch- 
ing  itfclf  out  both  ways  into  a  longifli  form,  and 
moving  fo  quick  that  you  will  fcarcc  be  able  to 
perceive  it*s  form. 

Here  is  a  fmall  toy,  fomewhat  refembling  a 
hog ;  I  have  coated  it  with  ermine,  in  the  hairs  of 
which  I  have  inferred  a  few  pieces  of  cotton  pul- 
led out,  fo  as  to  be  of  a  confiderable  length  ;  place 
this  upon  the  condudlor,  I  turn  the  machine,  and 
the  hairs  of  the  ermine  diverge,  and  the  pieces  of 
cotton  are  difcharged  and  driven  fome  feet  from 
the  conductor.  This  apparatus,  by  thus  difcharg- 
ing  it's  quills,  may  be  called  with  propriety  the 
elefirical  porcupine.  * 

Few  branches  of  philofophy  afford  fo  much 
entertainment  as  cicdricity  ;  here  the  ufeful  and 
the  agreeable  are  intimately  blended,  and  while 
you  are  invcltigating  fcicnce,  you  are  entertained 
by  the  variety  and  beauty  of  the  experiments.  It 
was  the  flrong,  attradivc,  and  rcpullive  powers  ex- 
hibited by  electricity,  that  firft  engaged  the  atten- 
tion of  natural  philofophcrs;  by  thefe  they  were  led 
on  to  purfuc  the  fubjeds,  as  it  were  by  enchant- 
ment^ 

•  Communicated  by  Mr.  WiJTct. 
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nt,  and  have  been  richly  rewarded  by  difcbveries 
:h  iriterefting  and  important. 

A  few  more  of  the  leading  experiments,  which 
'c  been  fo  advantageous  to  fcience,  will  not  be 
>leafant. 

Methods  of  imitating   the  Planetary 
Motions, 

Rackftrow's  orrery  confifts  of  fmall  glafs  balls 
>wn  exceeding  thin  ;  they  are  placed  on  a 
oden  board,  and  environed  with  circles  of  brafs 
re  infulated  with  fealing-wax,  or  glafs,  of  fuch 
leight  that  the  center  of  the  balls  may  be  nearly 
rallel  to  the  wire  circles.  One  of  thefe  circles 
y  reprefent  the  orbit  of  Saturn^  another  that  of 
piUr^  &c.  the  circles  being  connedled  with  the 
ndudior  of  the  machine  by  a  wire,  and  a  glafs 
lere  placed  between  each,  the  fpheres  will  per- 
m  their  revolutions  round  their  orbits^  and  at  the 
tie  time  acquire  a  rotation  on  their  axes. 

When  the  machine  is  fet  in  motion,  the  balls 
[I  be  firft  attraded  to  the  brafs  circles,  by  which 
rans  the  point  that  touches  the  brafs  circle  will 
:ome  cledlrified,  and  be  immediately  repelled; 
ler  parts  will  in  the  fame  manner  be  attraded 
d  repelled,  by  which  means  the  glafs  ball  ac- 
ircs  a  kind  of  fpinning  motion  on  it's  axis,  at 
•  fame  time  it  muft  have  a  progredive  motion 
Lind  the  circle. 

Provide  a  ball  of  cork  about  three  quarters 
an  inch  in  diameter,  hollowed  out  in  the  inter- 
1  part  by  cutting  it  in  two  hcmifpheres,  fcoop- 
5  out  the  infides,  and  then  joining  them  together 
th  pafte.  Having  attachctl  this  to  a  iilk  thread, 
twcen  three  and  four  feet  in  length,  fufpend  it  in 
:h  a  manner  that  it  may  jult  touch  the  knob  of 
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an  elcdric  jar,  the  outfide  of  which  communicate 
with  the  ground.  On  the  firft  concadt  it  will  bd 
repelled  to  a  confiderabic  di(lance»  and  after  no- 
king  fcveral  vibrations^  will  remain  ftationary ;  hit 
if  a  candle  is  placed  at  fome  didance  behind  it,  b 
that  the  ball  may  be  between  it  and  the  bottle,  the 
ball  wtll  inftantly  begin  to  move,  and  will  torn 
round  the  knob  of  the  jar,  moving  in  a  kind  of 
ellipfis,  as  long  as  there  is  any  eledricity  in  tbc 
bottle.  This  <:xpcriment  is  very  ftriking,  thoi^ 
the  motions  are  far  from  being  regular  ;  but  it  ii 
remarkable,  that  they  always  a&c&  the  elliptical^ 
rather  than  the  circular  form. 

Cut  a  piece  of  India  paper  in  the  fhape  o( 
an  ifofceles  triangle,  whofe  fides  are  about  tvo 
inches  long  and  two  tenths  of  an  inch  in  bread^;. 
then  erc(fl  a  brafs  ball  of  two  or  three  inches  dia- 
meter  -  on  a  brafs  wire  one  fixth  of  an  inch  io. 
thicknefs,  and  two  feet  fix  inches  long,  on  the 
prime  conductor  ;  elcdri fy  the  condudor,  and  thcft^ 
bring  the  obtufc  end  of  the  piece  of  paper  withii 
the  atmofphere  of  the  ball ;  let  it  go,  and  it  will 
revolve  round  the  ball,  turning  often  round  it's 
own  axis  at  the  fame  time. 

Tumbler  and  Balls, 

Pux  a  pointed  wire  into  one  of  the  holes 
which  are  at  the  end  of  the  coKiuctor,  hold  aglais 
tumbler  over  the  point,  then  elcctrity  the  conduc- 
tor and  turn  the  tumbler  round,  that  the  whole 
interior  furfacc  may  receive  tht  fluid  from  the 
point ;  place  a  few  pith  balls  on  the  table,  and 
cover  them  with  this  glafs  tumbler,  the  balls  will 
immediately  begin  to  leap  up  and  down,  as  if  they 
were  s^nimated,  and  will  continue  to  move  for  a 
long  time. 

EiEC- 
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S^i.ECTRtCAL  Fluid  universally  disseminated, 

AND   IN    CONTINUAL    ACTION. 

That  the  ele£lrical  fluid  is  univerjally  dijfemi^ 

mated,  and  in  continual  adion,  has  long  been  the 

opinion  of  chofe   who  have  paid  attention  to  it. 

TTo  prove  this  to  others,  various  inftrumcnts  have 

l>een  contrived  to  deted  lYitfmalleft  variations,  and 

difcover  the  minuteft  figns  of  it's  exiftence;  thefe 

bave    been  generally  named    eleHrometers  ;    and 

'  junong  thefe,  that  defcribed  by  the  Rev.  Mr.  Ben- 

"  KBT,  of  Wirkfworth,  ftands  the  forcmoft,  as  be- 

ii^  by  far  more  fenfiblc  than  any  of  the  reft. — 

'  Inis  is  one  of  i\itm,  jig.  i,  pi.  2. 

The  foot  is  made  of  metal,  and  about  three 
inches  high,  that  you  may  handle  the  inftrument 
without  touching  the  glafs  ;  the  cylindrical  glafs, 
in  which  the  gold  leaf  is  fufpended,  is  ibout  five 
inches  high,  and  one  in  diameter;  the  cap  is  made 
'  ofmetal,  and  flat  on  the  top,  that  the  various  fub- 
vlbuices  whofe  eledlricity  is  to  be  examined  may  be 
'conveniently  placed  thereon.  The  diameter  of  the 
cap  is  larger  than  that  of  the  glafs,  and  it's  rim  is 
about  an  inch  deep,  hanging  parallel  to  the  glafs, 
in  order  to  keep  it  clean  and  dry ;  within  this  is 
another  circular  rim  that  goes  over  the  glafs,  and 
is  lined  with  a  foft  fubftunce  to  make  it  fit  clofe, 
within  this  rim  ;  at  the  center  of  the  cap  a  tube 
is  fixed,  wherein  the  peg  is  placed  to  which  the 
two  flips  of  gold  leaf  or  filver  arc  faftencd. 

If  there  were  no  glafs,  the  gold  leaf  would  be  fo 
agitated  by  the  Icaft  motion  of  the  air,  that  it  would 
be  entirely  ufcleis.  To  prevent  the  gold  leaf  from 
being  attracted  and  torn  by  flying  ro  the  glafs,  two 
pieces  of  tinfoil  arc  faftencd,  with  varnilli  on  the 
oppofi re  fides  of  the  glafs,  where  it  nny  be  ex* 
pcded  to  ftrikc  thefe  ilips  and  carry  oft' the  fuper- 

Y  2  tiuous 
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fiuoiis  clccftricity,  and  increafe  the  fenfibility  of 
the  inftruraent. 

The  experiments  made  with  this  inftniihem, 
not  only  Ihew  that  the  eledrical  fluid  it  univer- 
fally  diffcminated,  but  that  the  Jmalleft  moiions  in 
nature  dijltirb  it's  natural  equilibrium^  ^nd/eparaie 
the  two  powers,  and  thus  manifeft  it  to  our  fcnfa 
That  this  fluid  is  the  etherial  medium^  or  elemcK 
of  fire,  conncilcd  with  fome  material  fubftance, 
can  fcarce  now  be  doubted  :  if  fo,  all  the  ofcilU- 
tions  in  nature  put  it  in  adlion,  or,  what  is  moit 
probable,  it  is  the  caufe  of  thofe  ofcillations.  Mr. 
Bennet*s  elcdrometer  will  prove  to  you,  that  all 
fdutionof  covthiuity  txQxtts  ele(flricity ;  and  I  be* 
licvethere  is  fcarce  any  inftance  where  it's  a3m  is 
vianifefied^  but  what  may  be  traced  to  ibis  fource. 
In  other  words,  every  thing  that  will  increafe  one 
power,  or  leflcn  the  other,  produces  eleffric  Jigns. 

Not  to  inteniipt  too  much  the  progrefs  of  our 
Le(fhires,  I  fliall  relate  to  you  fome  of  Mr.  Bek- 
net's  experiments. 

I.  Powdered  chalk  was  put  into  a  bellows, 
and  blown  upon  the  cap  of  the  cleftrometer;  the 
ftream  of  chalk  produced  vitreous  eledricity,  when 
the  nozzel  of  the  bellows  was  only  fix  inches  diftant 
from  the  cap  ;  but  the  fame  ftream  eleftrified  it  with 
the  refinous  power,  when  at  the  diftancc  of  three  feet. 
In  this  experiment  the  quality  of  the  electricity 
fecms  to  be  changed  by  difpcrling  or  widening  the 
ftream,  and  making  it  pafs  through  a  longer  traftof 
air;  it  is  alfo  changed  by  pafling  the  ftream  througha 
bunch  of  fine  wires,  filks,  or  feathers,  placed  in 
the  bellows  ;  it  is  refinous  when  blc  \.  n  from  a  pair 
of  bellows,  the  iron  pipe  being  taken  oft'  to  en- 
large the  ftream.  I'his  laft  experiment  fecms  to 
anfwer  beft  in  damp  weather.  The  vitreous  elec- 
tricity generally  remains;  but  in  the  refinous,  the 

leaf 
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leaf  gold  collapfes  as  foon  as  the  cloud  of  chalk  13 
paired, 

1.  A  piece  of  chalk  drawn  over  a  brolh,  or 
^  powdered  chalk  put  into  abrufh,  and  projeded  on 
*  rhe  coverj  gave  refinous  cletftricity.  The  elcdri- 
^  city  was  not  permanent, 

I  3,  Powdered  chalk  blown  with  the  nrtouth,  or 

r  a  pair  of  bellows,  from  a  plate  placed  upon  the 
:  cover,  gave  a  permanent  vitreous  eleftricity.  If  a 
s  bmth  is  placed  upon  the  cover>  and  a  piece  of 
chalk  is  drawn  over  it,  when  the  hand  is  with- 
drawn, the  leaf  gold  graduaUy  expands  with  vitrc- 
0US  elcAricity,  as  the  cloud  of  chalk  difperfcs^ 

Of    the    FRAfJKLlNlA?!    ThIORY- 

It  was  not  my  intention  at  fir  ft  to  have  parti- 
cularly noticed  the  defe<^ts  of  this  theory ;  but  as 
fomc  late  writers  have  endeavoured  to  conceal  it's 
errors,  either  by  giving  up  fome  of  the  moft  elfen- 
tial  parts,  or  by  endeavouring  to  bend  fa<fls  to  ac^ 
commodate  to  this  theory,  it  became  necefTary 
to  point  out  a  few  of  it's  defecfts  and  inconfilkncies. 
Mmy  parts  thereof,  I  conceive,  would  never  have 
been  accredited,  if  it  had  not  been  ncccflary  for 
party  purpofes,  to  cflablifli  the  author's  reputation 
as  a  philofophcn* 

From  hence  we  may  learn,  that  all  new  dif- 
CO V cries  Ihould  be  admitted  with  caution,  for  they 
are  feldom  accurate,  and  free  from  errors  ;  we  are 
too  often  apt  to  be  led  away  by  glimmerings  of 
light,  or  even  falfc  views  of  objeds,  which  are 
often  of  worfe  confequcnces  than  a  total  want  of 
knowledge. 

Y  3  Ifhall 

*  On  this  head,  the  anecdotes  to  be  related  are  numerous  and 
runout* 
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.  I  (hall  enumerate  the  leading  principles  of  the 
Franklinian  fyftem,  thofc  which  have  always  bcai 
confidered  in  that  light,  by  the  beft  writers^  artd 
^bleft  advocates  in  iavmir  of  this  f>  ficni  i  and  nhc 
may  therefore  juftly  conclude,  that  whofoevcr  giva 
up  any  of  thcfe,  fo  far  abandons  the  principles  m 
urtiich  it  is  foundoi. 

!•  That  the  operations  pf  cleft ri city  dcpcod 
thft^uflion  oi^fimpU  hom^geneQus  fluid. 

2.  That  the  electric  matter  violently  ttfii 
iKfclf,  but  attrads  all  other  matter. 

3.  That  gla/s  and  all  other  cledlricSj  thoiiggk 
they  contain  a  great  quantity  of  ekdric  mattdi 
arc  ncvcrthelefs  impermeable  thereto. 

4.  That  by  the  exeitalion  of  an  ele<ftric,  the 
equilibrium  of  the  contained  fluid   is  biokej  and 
one    body   becomes   overhadcd    with    cleilinci^y 
while  the  other  is  deprived  oViV%nzXUTii\  fharr,  ^H 

5.  Elc(flricity  is  pojiiive  when  a  body  ha^  nvOf^ 
than  It's  natural  fhaie ;  the  elcdricicy  is  mgwum 
when  a  body  has  lefs  than  it*s  natural  fhare. 

With  rcfped  to  the  firft  pofition,  you  will  find, 
that  it's  friends  can  bring  no  experimental  proof 
to  (hew  the  homogeneity  of  this  fluids  or  it's  ac- 
tions ;  but  on  the  contrary,  they  are  forced  by  ex- 
pc  riment  to  acknpwledge  c^  contrariety  of  Hate  ia 
cveiy  op<: ration. 

The  fecpfid  pofition  is  not  only  dcilitute  of 
proof,  buf  contradidory  to  all  experiments ;  for 
the  elcitric  fluid  never  attraSfs  matier  as  fuch,  but 
only  on  account  of  the  ftatc  of  the  electric  matter 
therein.  It  is  not  rcpulfive  of  itfelf ;  the  appear* 
ancc5i  on  which  this  idea  is  grounded,  arc  owipg 
to  the  K'fiftance  of  the  air.  Both  attraction  and 
rcpulfion  ccafe  where  the  powers  can  unite  without 
thii  refinance. 

Ill  the  courfe  of  thefe  Ledures,  you  will  iec 
many  experiments  that  prove  the  permeability  of 

gWSf 
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s.  The  notion  of  it's  impermeability  is  alto^ 
ler  hypothetical,  for  it  is  not  rupported  by  any 
one  dcternHnate  experiment,  and  is  contrary  to 
every  eledrical  appearanccv  You  will  find  the 
ideas  of  the  Franklinians  concerning  it  quite  con- 
tradiclory,  fome  allowing  that  it's  influence  ads 
through  glafs,  yet  maintaining  that  it  is  imper-^ 
mcablc  thereto;  others  aUowing  certain  kinds  of 
glafs  to  be  periiieablc.  Indeed  yoa  may  gather  from 
their  writing??,  that  the  Arjl,  and  the  'zvoj-^  viirijied 
glafs^  that  cold^nd.  warm  glafs  are  all  more  or  lefs 
permeable/'^ 

The  fourth  and  fifth  principles  may  be  con* 
fidered  as  one,  for  they  are  fo  intimately  connetU 
cd^  as  not  to  be  feparated ;  whatever  weakens  the 
proofs  of  the  one,  diminifhes  thofe  of  the  other. 
The  whole  Frank! ini an  hypothefis  falls  to  the 
ground,  if  the  lupporters  ihereof  cannot  prove, 
that  pojhive  eledricity  is  a  fuperabundantquanticy^ 
an  accumulation  of  eledlric  matter  in  the  body 
pofitivcly  cle(5trifiedj  and  negaiive  elcdtricity  a  de- 
privation of  the  quantity  of  this  matter  natural  ta 
a  body. 

Now  in  the  firft  place,  we  have  ftrong  rea- 
fon  to  fuppofe,  that  every  cledric  appearance  is 
occafioned  by  the  fluid  being  in  a  divided  and 
weakened  ftate;  but  putting  this  confidcration  out 
of  the  queftion,  let  us  afk  the  fupporcers  of  the 
Franklinian  fyllcni  for  a  proof  of  this  potition,  and 
fftrange  to  tell  !j  you  will  fmd  it  deftitute  thereof. 
You  will  find  them  only  reafoning  in  a  circle, 
proving  the  thing  from  itfclf;  a  method  from 
which  no  concluflon  can  be  drawn.  T-hus,  for  in- 
ftancc^  a  body  that  is  pofitively  electrified^  actrafls 

Y  4  one 
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one  that  is  negatively  cle^ftrified,  bccaufe  the  firll 
has  too  much;^  an,d  thp  other  too  little  ctectricitf. 
Demand  how  they  prove  one  has  too  muGh,  ud 
the  other  too  jittje  of  this  fluid,  and  they  anfwer, 
becaufe  they  attrad  each  other ! ! ! 

Accpixlin^  tp  their  principles,  the  eledrial 
fluid  is  as  adiive  when  redundani^  as  when  defideMii 
and  yet  when  it  is  in  sin  iniermediaie  (late,  it  is  iJi- 
adive.  f'  Two  light  bodies  fufpended  in  contac\ 
in  their  natftral  (late  |hew  no  figns  of  eleiftricity; 
take  away  part  of  their  cleftric  fluid,  and  they  re- 
pel each  other;  take  away  fl^ill  more,  and  die 
power  of  repujfion  incrcafes ;  fo  that  the  more  i 
Dody  is  deprived  of  \Vm  eledlric  fluid,  the  more 
affive,  anc)  exten/iveis  it's  cledric  aclion/'  • 

Another  mod^  by  which  they  endeavour  to 
fuppprt  thci^  STyflcm  is,  by  flicwing  that  the  dec- 
tnc  fluid  alWays  moves  in  one  dire<fiion,  that  iij 
from  the  ppfitive  to  the  negative.  Now  if  it  can 
be  proved,  as  I  thiiik  it  has  already  been  in  a  great 
degree,  that  there  arc  two  powers  a^iing  in  eontrarj 
direSlions  :  the  negative  eledricity  will  turn  out  to 
bj?  a  pqfitive  a^ive  power,  and  the  Frankliman 
hypothelis  will  fall  to  the  ground,  being  deftitute 
of  ^ny  proof.  I  (hall  hereafter  (hew  you,  that  in 
the  difcharge  of  the  Leyden  phial,  there  is  not 
only  a  ppwer  afting  from  the  infide  to  th'eoutfidCi 
but  alfo  at  the  fame  inftant  a  power  adling  from 
the  outfide  to  the  infide.  Whofocvcr  allows  two 
currents  afting  in  bppofite  directions,  whatever 
may  be  his  pretences,  gives  up  the  Franklinian 
theory,  and  confefies  himfelf  unable  to  maintain 
it  on  the  original  principles  laid  down  by  the  au- 
thor, and  vindicated  by  Canton,  Le  Roy,  Prieft* 
ley,  Becket,  Hcnly,  Beccaria,  Cavallo,  &c.  &c. 

Fur'thei:  proofs  of  the  inconfiftcncy  and  weafc- 
nefs  of  this  theory  will  be  (hewn  in  the  courfedf 
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efe  Lcfturcs ;  but  they  are  fo  numerous,  that  to 
expofc  them  all,  would  occupy  too  much  of  our 
time  ;  one  or  two  more  I  fliall  mention  here ;  thus 
r'ou  will  find  Dr.  Gray,  in  thePhilofophical  Tranf- 
dions,  proving  Dr.  Franklin's  account  of  the 
hargc  and  difchargc  of  the  Leyden  jar,  to  be 
'erroneous  ;  yet  endeavouring  to  fupport  the  weak- 
eft  part  thereof.  Mr.  BrooKe,  in  his  *^  Mifcclla- 
ncous  Experiments/*  has  fhewn^  (what  Mr.  Eeh$ 
had  (hewn  years  beforehand  that  by  reafoning^;)mr/ 
from  his  theory)  contrary  to  the  ideas  of  the  beft 
judges  and  friends  of  Franklin's  theory,  that  dur- 
ing the  rime  of  charging  a  Leyden  jar,  both  iniide 
and  outfide  have  the  fame  kind  of  cleftricity* 
Mr.  Read  has  demonftrably  proved,  (by  a  method 
previouHy  pointed  out  by  Mi\  Eeles)  that  in  the 
difcharge  of  the  Leyden  phial,  a  vacuum  forming 
part  of  the  circuit,  the  eleAric  matter  moves  in 
ontrary  directions;  yet  fuch  is  the  force  of  philo* 
fophic  authority,  that  both  Mr.  Brooke  and  Mr* 
Read  endeavour  to  bend  thcfe  faifts  to  fupport  a 
theory,  w  ith  which  rhey  arc  utterly  irreconcileable. 


THE  Electric  Spark,  and  of  the  Influence 
OF  Points* 


I  bring  the  knuckle  of  my  hand  near  the  con- 
duiflor,  and  a  fpark  with  the  appearance  of  fire 
palfes  between  the  conduAor  and  my  hand,  and  1 
feel  a  fenfarion  fr*me\vhat  rcfemb!ing  a  ftroke  from 
the  end  of  a  fmall  wire.  I  remove  my  knuckle 
further  from  the  conductor,  and  the  fpark  is  long- 
er, forming  fevcral  curves  in  it*s  paffage,  having 
the  exaet  appearance  of  a  Hafh  of  lightning.  In 
this  experiment  as  much  of  one  power  pafFes  from 
the  finger  to  the  condudor,  as  of  the  other  from 
the  condudor  to  the  finger.  No  fpark  will  pafs 
jmlefs  there    can  be  this  interchange  of  power; 
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and  the  fpark  is  always  from  thofe  parts  where  the 
exchange  can  be  moft  readily  cfFedcd. 

Where  the  two  powers  can  be  caHIy  changed, 
which  is  the  cafe  with  pointed  metallic  bodies^  tbe 
equilibrium  is  reftored  filently^  and  the  condudor 
is  of  courfe  gradually  divcfted  of  it's  clonic  ap- 
pearances :  but  where  the  furface  is  large»  and  a 
contrary  (late  not  fo  eafily  produced,  the  elcdri- 
citics  are  as  it  w  ere  comprefied,  and  do  not  efcape 
till  they  have  acquired  power  to  OTercome  ttc 
Intervening  fpace  of  alr>  when  it  explodes^  and  the 
Jfark  is  vivid  like  lightning. 

As  foon  as  I  prefcnt  a  needle^  or  any  other 
fine  pointed  fubftancc,  to  an  eledrified  body,  the 
cleftric  fluid  is  urged  there  with  great  velocity, 
and  the  ele^ricity  is  f;iid  to  be  drawn  off.  ms 
drawing  off^  bo'ivevcr,  does  not  extend  to  any  great 
diftance^  not  even  all  round  the  cleclrified  body, 
if  you  keep  turning  the  machine  at  the  fame 
time  that  you  prefcnt  the  point.  To  prove  this, 
place  the  wire,  to  the  end  of  which  a  number  (rf 
fine  threads  arc  faftencd,  in  one  of  the  holes  on 
the  top  of  the  conductor ;  turn  the  machine,  the 
threads  on  the  wire  diverge,  and  fpread  out  like 
rays  proceeding  from  a  center;  now  prefent  a 
point  towards  one  fide  of  the  conductor,  but  at 
fome  diftance  from  it,  and  you  fee  the  threads  on 
one  fide  lofe  their  divergence  and  hang  down, 
vhile  thofe  on  the  other  Tide  continue  to  diverge. 

Indeed  a  point  never  ails  beyond  tbe  eleSrtc 
utmofphcrc^  nor  docs  it  act  upon  that  any  further 
rhan  it  is  immcrgcd  therein,  and  then  only  fo  far 
as  it  can  drazv  the  rcfmons  po'xer  through  them, 
and  pjrt  "S'iih  Jo  viucb  of  the  vitreous  to  them. 
Sufpcnd  a  piece  of  down,  or  a  fmall  ball,  by  lilk, 
fo  that  it  may  hang  againft  the  fide  of  the  con- 
ductor ;  when  you  turn  the  machine,  it   will  be 

cleetrificd. 
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de^lrified^  and  fly  to  the  extreme  part  of  the  con- 
ductor's atmofphere;  now  Hop  turnings  and  bring 
a  point  towards  the  outfidc  of  the  down^  and  in- 
ftead  of  the  down  being  driven  in  towards  the 
condudor,  it  will  fly  to  the  pointy  till  it  has  ex- 
changed powers  with  the  point ;  then  it  wili  fly  to 
the  condudlor^  and  be  eledtrifled,  and  again  re- 
pelled; when  it  comes  to  a  certain  diflahce  from 
the  point,  it  will  fly  towards  it»  and  be  eledrified 
thereby^  and  fo  on^  as  long  as  the  condudlor  re- 
mains eledrifled. 

When  the  down  is  on  the  verge  of  the  elec- 
tric atmofphere,  immerge  your  point  in  the  atmo- 
Iphere,  and  you  will  fee  the  down  approach  the 
condu^or  in  proportion  to  the  immerfion  of  the 
point,  and  this  as  often  as  you  move  the  point  for- 
ward to  the  conductor,  but  no  further;  fo  that  the 
point  adts  only  m  hile  in  contad  with  the  eledlric 
atmofphere. 

While  the  machine  is  turning,  and  the  point 
immerged  in  the  eledric  atmofphere,  there  is  a 
ftrong  Itrcam  of  the  relinous  power  flowing  in  from 
the  point  to  the  conductor,  and  that  in  proportion  to 
the  vitreous  power  carried  off  by  the  point.  If 
this  Itream  meets  an  electrified  cork  ball,  or  piece 
pf  down,  it  will  change  their  powers,  and  electrify 
them  wich  the  relinous  power,  by  which  means  they 
are  attracted  to  the  conductor,  and  will  be  fixed 
there  by  the  continual  ftream  of  the  refinous  power; 
draw  back  your  hand  to  IclFcn  the  refmous  ftream, 
and  you  will  fee  the  down  move  from  the  conduc- 
tor by  degrees,  and  remain  between  the  two 
powers,  without  being  forced  to  the  condudor,  or 
able  to  fly  far  therefrom.  The  foregoing  expcri-, 
ments  arc  mo(t  decilive  with  a  weak  electricity. 

That  the  fpark  or  palliige  of  the  electrical 
Uuid,  from  the  prime  conductor  to  any  conduCcinc, 
/Tubflance,  depends  upon  the  greater  or  lefs  degree 
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of  difficulty  in  producing  the  contrary  current,  is  I 
further  evinced  by  placing  a  point  at  the  end  of  1 1 
piece  of  fealing-wax,  and  at  a  fmall  diftance  from  I 
that  part  of  the  metal  in  contadl  with  the  fcaling- 1 
wax,  parte  a  fmall  round  bit  of  tin-foil,  at  a  little  I 
diftancc  from  this  another  bit,  &c. ;  put  your  fin- 1 
ger  upon  one  of  the  pieces  of  tin-foil,  thai  is  fur- 1 
theft  from  the  metallic  point,  andprcfcnt  the  point 
towards  the  conduAor,  and  you  will   find  that  it 
does  not  aft  near  fo  powerfully,  nor  at    fo  great  a 
diftance  as  in  the  former  cafe  ;  and  if  you  approach 
it  fufficiently  near  the  conducflor^  a  fpark  will  pafs 
between  it  and  the  conduftor*     Connedt  your  fin- 
ger immediately  with  the  metal,  and  you  will  not' 
be  able  toobtain  a  fpark,  and  the  clecflric  appear^ 
ances  of  the  condudtor  will  be  fooncr  deftroyed  hf 
the  quicker  interchange  of  the  contrary  powen. 

As  the  fpark,  which  explodes,  and  is  bright  in 
the  air^  becomes  filent,  faint,  and  diluted  in  vacuo ; 
fo,  on  the  other  hand,  the  eleclric^ty,  that  would 
pafs  imperceptibfy  in  air,  may  be  made  to  explode, 
and  become  bright,  by  paffing  it  through  mediums 
iTiore  refilling  than  air. 

I  place  a  metallic  vcfTel  nearly  filled  with 
common  oil  on  the  conductor  ;  I  (hall  immerge 
therein  a  point,  from  which,  in  the  open  air,  I  can 
fcarcely  obtain  any  vifiblc  appearance^  and  yoy  fee 
that  under  thefe  circuraftances,  Jfrong  /parks  pafs 
between  the  point  and  the  bottom  of  the  vcflcli  and 
the  oil  is  thrown  into  a  violent  ebullition,  by  the 
afflux  and  efflux  of  the  two  eleftricities. 

Here  is  a  pointed  wire  lufpended  vertically 
from  the  condudor,  the  point  being  downwards, 
from  which  I  can  obtain  no  fpark,  though  the  ma- 
chine is  acting  powerfully.  I  immerge  ft  m  a  fmall 
bottle  of  oil,  and  put  my  thumb  oppofite  the 
point ;  the  fpark  is  loud,  the  oil  is  curioufly  agitat- 
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'  cd,  and  if  you  examine  the  bottle,  you  will  find  it 
::  perforated. 

^H  Round  this  glafs  tube,  jig.  2,  pi.  2,  at  fmall 

^j  biit  equal  diftances  from  each  other,  pieces  of  tin- 
':  foil  are  palled  in  a  fpiral  form,  (hence  it  is  called 
J  the  fpiral  tube)  from  end  to  end ;  this  tube  is  in- 
.  clofed  in  a  larger  one,  fitted  with  brafs  caps  at 
[•  each  end,  which  are  conneded  with  the  tin-foil  of 
..  the  inner  tube.     Hold  one  end  in  the  hand,  and 
\  apply  the  other  near  enough  to  the  prime  conduc- 
tor to  take  fparks  from  it,  a  beautiful  and  lucid  fpot 
'  will  then  be  feen  at  each  feparation  of  the  rin- 
\  foil ;  thefe  multiply,  as  it  were,  the  fpark  taken 
from  the  conduftor ;  for  if  there  was  no  break  in 
the  tin-foil,  the  eledric  fire  would  pafs  ofFunper- 
ccived. 

Here  are  feveral  fpiral  tubes,  fig.  4,  pi.  2, 
placed  round  a  board,  a  glafs  pillar  is  fixed  to  the 
center  of  the  board,  on  the  top  of  this  pillar  is  a 
brafs  cap,  carrying  a  fine  fteel  point,  to  fupport 
a  wire  furniftied  at  each  end  with  a  brafs  ball,  and 
nicely  ballanced.  I  place  this  under  a  ball  pro- 
ceeding from  the  conduAor,  fo  that  a  continued 
fpark  from  this  ball  to  the  center  of  the  fufpended 
wire,  gives  this  wire  a  rotatory  motion,  and  the 
balls  in  their  revolution  will  give  a  fpark  to  each 
fpiral  tube,  which,  in  it's  paflage  from  one  fpoc 
to  the  other,  forms  a  mod  beautiful  fpecies  of  illu- 
mination. 

Take  this  piece  of  filvered  leather^  and  put  it 
round  your  head,  and  then  fland  upon  the  llool 
with  glafs  feet,  conneding  yourfelf  with  the  con- 
duftorby  a  chain.  If,  while  I  turn  the  machine, 
any  one  pafs  their  knuckles  near  the  hoop  of  lea- 
ther, moving  them  round  it,  the  leather  w  ill  b^ 
beautifully  illuminated,  and  brifk  Hafhes  of  electric 
lightning  will  pafs  between  the  knuckles  and  con- 
ductor. 
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duftor*   This  experiment  has  been  termed  the  diii»  I 
Jem  of  beatijicaiion*  1 

Spirits  of  -jiune  may  be  cafily  firrd  by  th?  1 
eleftric  fparkj  to  infure  fuccefs  in  making  the  ci* 
perimcnt,  it  is  bcft  either  to  heat  the  metallic  ladle 
into  which  the  fpirits  arc  to  be  placed,  or  elfc  juft 
to  fire  the  fpirits,  and  blow  them  out,  a  few  fc- 
conds  before  they  are  elecftrificd.  This  cxperimeni 
may  be  performed  two  w^ays;  j.  By  placing  tk 
(ladle  with  the  fpirits  on  the  conducflor,  and  t|fl 
taking  a  fpark  through  the  fpirits,  which  will  flP 
them  on  fire.  Or,  2.  If  a  perfon  (lands  on  the  in- 
fulated  ftool,  and  holds  in  his  hand  a  fpoon  with 
the  fpirits  of  wine,  and  another  perfon  on  the  floor 
brings  his  knuckle,  or  a  brafs  ball,  quickly  to  the 
furface  of  the  fpirits,  they  will  be  inftantly  in  a 
flame.  You  may  vary  this  experiment  thus  :  3.  Let 
the  cle(5lrified  perfon  on  the  ftool  hold  the  fpirils 
as  before,  while  another  perfon,  (landing  alfo  on 
an  infulated  ftool,  holds  in  his  hand  an  iron  pokcr» 
one  end  of  which  is  made  red  hot;  he  may  then 
apply  the  hot  end  to  the  fpirits,  and  even  immcrgc 
it  in  them,  without  firing  them ;  but  he  may  ki 
the  fpirits  on  fire,  with  either  the  hot  or  cold  end, 
provided  the  hot  end  be  not  worn  to  too  fliarpa 
point.  The  fpirits  could  not  be  kindled  while  the 
perfon  was  inlulatcd,  bei  aufe  the  cledric  pc;\vw 
could  not  in  that  cafe  be  feparated;  and  hot  iron, 
immerfcd  in  fpirits,  will  very  fcldom  or  never  let 
them  on  fire, 

I  You  muft  have  already  obfcrvcd,  from  whai 

,  you  have  feen,  that  when  the  quantity  of  eledrict* 
,  ty  is  fmatl,  it  is  incapable  of  ftriking  at  a  coflli? 
derable  diftance,  and  the  fpark  appears  ftralt*  but 
when  it  is  llrong,  and  capable  of  ftriking  at^ 
greater  diftance,  it  affumes  a  crocikcd  ziii-zag  dl* 
rcdion.     In  every  electrified  conductor,  the  elcc* 

triciiy 

•  For  a  further^aricty  of  experiments  on  thcfc  principlcS| 
See.  my  £Jay  m  LkancUy. 
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cricity  always  efcapes  from  that  part  of  the  furfacc, 
where  the  powers  are  moft  feparated.  The  fpark 
is  of  a  different  colour  according  to  the  denfity  ; 
Mfhen  it  is  rare,  it  appears  of  a  bluifh  colour;  when 
more  denfe,  it  is  purple  ;  when  highly  condenfed,  it 
is  clear  and  white  like  the  light  of  the  fum  The 
middle  pari:  of  an  eledric  fpark,  when  the  two 
powers  meet,  often  appears  diluted,  and  of  a  red 
Mjr  violet  colour,  the  ends  are  more  vivid  and 
white ;  when  very  ftrong,  it  will  branch  out  and 
divide  into  many  parts. 

Of  Motions  produced  by   the  Electric 
Stream* 

Whenever  there  is  an  efflux  of  one  power  of 
cicftricity,  there  is  alfo  an  afflux  of  the  other 
power,  if  any  conducing  fubftance  is  placed  fo 
near  and  in  fuch  circumltances,  as  that  it  can  be 
dxawn  therefrom. 

Here  is  a  brafs  crofs,  fi^.  5f  p^-  2,  fupported 
on  a  point  like  a  compafs  needle,  with  each  of  it's 
points  bent  the  fame  way ;  place  this  upon  the  con- 
dud:or,  and  as  foon  as  I  turn  the  machine,  it 
turns  with  great  rapidity,  but  always  from  the 
points,  becaufc  the  electric  fire  flying  off  from  the 
points,  adls  forcibly  on  the  air,  and  is  confequently 
re-afted  upon,  which  occafions  the  motion.  Take 
the  fly  and  it's  point,  and  hold  it  in  your  hand  un- 
der the  condudtor,  and  it  will  turn  in  the  fame 
manner,  by  a  dream  of  clcdtricity  of  a  contrary 
power  to  that  thrown  off  from  the  conductor,  which 
is  drawn  in  from  you  and  delivered  from  the  pohit-j 
of  the  fly  to  the  conduclor.  Now  infniate  the  fly, 
and  place  it  at  the  fame  diftance  from  the  conduc- 
tor, and  it  will  not  move,  becaufc  no  eledricity 
can  be  drawn  through  it;  but  hold  a  pin  near  it, 
and  the  fly  will  immediately  begin  to  turn,  as  it 

draws 
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draws  a  fufficient  quantity  of  cledtricity  from  yds 
through  the  pin. 

On  this  principle^  thofe  who  are  defirous  of 
blending  agreeable  entertainment  with  philofophj, 
may  contrive  a  variety  of  curious  machines,  whoife 
motions  may  be  jproduced  by  the  eledlrified  Aram, 
which  will  afford  much  entertainment  to  thofe  who 
can  relilh  domeftic  innocent  amufement;  and  bf 
thefe  fciencc  will  be  benefited,  for  to  render  aiqr 
fcience  familiar,  is  to  render  it  prevalent,  and  the 
more  it  prevails  in  pradice,  the  more  likely  it  is 
to  produce  ufeful  difcoverics. 

If  fmall  boats>  or  little  fwans,  &c.  are  made 
of  cork  or  light  wood,  they  may  be  attra8ed,  and 
made  to  fwim  in  any  direction,  by  applying  a  fin- 
ger towards  them ;  a  fine  needle  fluck  into  the 
end  of  the  boats,  in  the  manner  of  a  bowfprit, 
will  caufe  them  to  be  repelled  from  the  hand  heM 
over  it,  and  they  may  be  fleered  by  it,  rtern  forc- 
moft,  to  what  point  of  the  compafs  you  pleafe. 
The  boats  might  have  the  addition  of  fails  to  them, 
and  might  then  be  made  to  move  brifkly  before  an 
cleflrical  gale,  from  the  point  of  a  wire  held  in 
the  hand. 

The  operator  in  thefe  tricks  would  certainly 
be  looked  upon  as  a  magician,  if  the  electrical 
machine  is  kept  out  of  light.  But  a  more  ftriking 
light,  would  be  a  number  of  thefe  boats,  with 
each  of  them  a  twiriing  fly,  about  an  inch  in 
length  fixed  to  the  top  of  the  mall ;  the  hand  held 
over  them  would  fct  them  all  in  motion  ;  in  the 
dark  they  would  appear  as  fo  many  rings  of  fire, 
moving  in  various  courfcs,  and  following  the  hand 
in  any  diredion.* 

Of 

♦  Bcckct  on  Ekdiicity. 
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Or    THE  DlFFUSrON    AND  SUBDIVISION  OF   FlUIM 
MY    ElICTRICITVp 

\         From  experiments  made  by  Abbe  NoUet,  it 
appears,  that  eleftricity  augments  the  natural  eva- 

K oration  of  moft  fluids^  parEicularly  of  thofe  which 
avc  the  great  eft  tendency  to  evaporate  i  that  it^  iri 
this  rcfpcAj  afts  moft  powerfully  upon  the  fluids 
jwrhen  they  are  contained  in  metal  veirds  i  but  it 
pe^er  makes  any  fluids  evaporaie  through  the  pons 
tkher  of  metal  or  glafs.  When  fluids,  that  are 
paffing  through  capillary  tubes,  are  ele<flrified,  the 
Jtream  is  fubdividcd  ;  and  if  the  tube  be  lefs  than 
1j^  of  an  inch  in  diameter,  their  motion  is  gene- 
Tally  accelerated. 

I  fufpend  this  metal  phial  (to  the  bottom  of 
-which  a  capillary  tube  is  adapted)  to  the  conduc^ 
tor  I  before  I  turn  the  cylinder,  the  tube  carries  off 
the  water  only  by  interrupted  drops  i  but  on  turn- 
ing the  cylinder,  and  eledtrifying  the  water,  the 
dropping  from  the  tube  is  changed  into  a  con- 
tinued ft  ream*  On  applying  my  finger  to  the  con- 
duftor,  the  ele<ftricity  is  interrupted,  and  the  water 
again  only  dcfcends  in  drops :  my  finger  taken 
away,  the  water  runs  in  a  diverging  ftream :  darken 
the  room,  and  you  perceive  a  fiery  ftream  defcend 
from  the  tube.  This  experiment  has  been  termed 
the  eledricaiy^/  defeu. 

Infulate  two  pails  with  capillary  tubes ;  con- 
neft  one  with  the  cuihion,  the  other  with  the  con* 
dudlor;  turn  the  machine,  and  the  water,  which 
is  difperfed  into  very  minute  particles,  when  they 
arc  near  enough,  is  brought  together  by  the  etTort 
of  the  two  powers  to  join  each  other  i  the  drops 
coalcfcc  and  come  down  like  a  heavy  ftiower  of 
rain. 

I  place  a  drop  of  water  on  the  condudor,  and 

turathe  machine*     On  prefcnting  my  knuckle  to- 
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wards  this  drop,  long  mg*^e^ /f^rki^Tc  obtiituil 
from  the  drop  pf  waieti  Use,  drop  takes  a  conid 
figure ;  my  knuckle  is  wetted.  The  fpark  was  cot- 
fiderably  loo^r  than  could  he  obtained  from  th£ 
conductor  without  the  water. 

Fallen  a jpieccrof  good  fealing-wax  to  ihcbll 
on  the  end  ot  the  conduftor,  but  place  it  in  fud 
a  lAanner  that  it  may  be  eafily  fet  on  fire  by  i 
taper ;  fct  it  on  fire  while  i  turn  the  mactiinc : 
the  wax  becomes  pomred^  and  ihoots  oat  an  .; 
invifitk  thread  to  a  confiderable  diAaacc.  II'  )Qa 
receive  the  filaments  on  a  Ihect  of  paper,  the  ppa 
will  be  covered  in  a  very  curious  jooaniier  by  L^e 
iUHrijied  wax  threads ^  the  wax  flying  to  tbofc 
places  where  it  can  unite  with  the  jcpatrary 
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Of  the  Leyden  Phial. 

DR.  l^RlEStLEY  has  well  obfcrved,  that  dec- 
tricity  has  one  advantage  over  mod  other 
'4liranches  of  natural  philofophy  :  it  furniihcs  mat* 
iter  of  entertainment  for  all  perfons  promifcuoufly, 
'  while  it  is  alfo  a  fubjecfl  of  important  fpeculation 
;ibr  the  moft  philofophic  minds.     Neither  the  air- 

Stimpi  nor  the  orrery,  nor  any  experiments  in  hy- 
roftatics,  optics,  or  magnetifm,  &c.  ever  brought 
together  fo  many,  or  fuch  great  concourfes  of 
people,  as  thofc  of  ele<ftricity  have  lingly  done. 

If  you  only  confider  what  it  is  in  objefts  that 
makes  them  capable  of  exciting  that  pleafing  a(lo«- 
nifhment  which  has  fuch  charms  for  all  mankind, 
you  will  not  wonder  at  the  cagcrnefs  with  which 
perfons  of  both  kxcs,  and  of  every  age  and  con- 
dition, run  to  fee  ole(5lrical  experiments.  For  here 
you  fee  the  courfe  of  nature  overturned  to  all  ap- 
pearance, and  by  caufes  feemingly  inconfiderablc. 

For  it  exhibits  to  you  bodies  riling  and  falling, 
moving  this  way  and  that,  and  fufpcnded  by  others 
contrary  to  the  principles  of  gravitation,  and  this 
by  powers  which  have  been  put  in  adtion  only 
by  a  very  flight  friction.  Here  you  may  fee  a  piece 
of  cold  metal,  or  even  water  or  ice,  emitting 
(Irong  fparks  of  fire,  fo  as  to  be  able  to  kindle 
many  inflammable  fubifanccs.  Nor  will  you  find 
any  thing  more  aftonilliing  than  what  I  am  going 
to  exhibit  to  you.  You  will  find  a  common  glals 
jar,  after  a  little  preparation,  capable  of  giving  a 
perfon  fuch  a  violent  fcntation,  as  nothing  elfc  in 
nature  can  give  ;  and  that  the  difcharge  of  the  bot- 
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I  charge  the  jar,  and  touch  the  outfide 
vith  one  hand,  and  then  bring  the  other 
U  of  the  jar,  you  will  then  adt  the  parp 
re  difchargcr,  and  receive  a  (hock;  it  has 
ou  through  your  arms  and  bread,  and  the 
ifcharged.  You  may  eafily  contrive,  by 
creation,  to  reijder  the  furprifc  occafioix*- 
is  experiment  more  entertaining,  by  con- 
chain  with  the  our  fide  coating,  and  con- 
c  under  a  carpet,  at  the  fame  time  con-. 
lother  with  the  top,*  placing  it  in  fuch 
,  that  a  perfon  may  put  his  hand  upoii 
It  fufpicion,  at  the  fame  time  that  hi* 
pen  the  other  wire ;  but  great  care  (hould 
that  thefc  (hocks  are  not  too  ftrong,  and 
be  not  given  to  all  perfons  indifcrimi- 

n  a  fingle  perfon  receives  a  (hock,  the 
is  diverted  at  his  fole  expence;  but  aU 
e  their  (hare  to  the  entertainment,  and 
e  of  it  alike,  when  the  whole  company 
irclc  by  joining  their  hands,  the  perfoi^ 
:rcmity  of  the  circle  touching  the  out(idQ 
while  he,  who  is  at  the  other  extremity 
he  ball  of  the  jar.  All  the  perfons  who 
circle  being  ftruck  at  the  fame  time,  and' 
fame  degree  of  force,  it  is  pleafant  to 
all  ftart  at  the  fame  moment,  to  hear 
apare  their  fcnfations,  and  obferve  the 
rent  accounts  they  give, 
often  convenient,  fometimes  nece(rary,  to 
ftate  of  a  jar  with  rcfpedt  to  the  charge; 
y's  quadrant  electrometer  is  the  befl:  in- 
yet  known  for  that  purpofc.  It  confifts, 
.  I,  of  a  perpendicular  ftcm  formed  at 
a  ball,  and  furniflied  at  it's  lower  end 
Z  3  with 

ly  Ih  "tly  done  by  what  is  called  a  medical 
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with  a  brafs  ferril  and  pin,  by  which  it  may 
fixed  in  one  of  the  holes  of  the  condudor,  or  at  the  3 
lop  of  a  Leyden  bottle.  To  the  upper  part  of  the 
Rem,  a  graduated  ivory  femicircle  is  fixed,  about 
the  middle  of  which  is  a  brais  arm  or  cock,  to 
fupport  the  axis  of  the  index.  The  index  confifti 
of  a  very  (lender  ftick,  which  reaches  from  the 
center  of  the  graduated  arch  to  the  br^fs  ferril; 
and  to  it's  lower  extremity  is  faflened  a  fmall  pith 
ball  nicely  turned  in  the  iathe,  WKen  this  elec- 
trometer is  in  a  perpendicular  poiition,  and  lUX 
eledrified,  the  index  hangs  parallel  to  the  pillar; 
but  when  it  is  cledbified,  the  index  recedes  more 
or  Icfs  according  to  the  quantity  of  eledriciry. 

Of  the  Theory  of  the  Leyden  Bottle. 

I  {hall  now  endeavour  to  explain  to  you  the 
theory  of  this  m>  fterious  bottle  ;  and  you  will  there 
fee,  that  the  clecftric  powers,  when  in  equilibrio,do 
really  condcnfe  cav.h  ether;  and  that  one  powfj 
always  expands  in  proportion  as  the  aclion  of  the 
other  is  withdrawn,  or  in  proportion  to  the  in- 
crcafe  of  one  power,  and  the  diminution  of  the 
other  ;  and  that  when  the  bottle  is  charged,  it  is 
equally  eleclrijicd  on  both  fides,  but  with  different 
powers  of  electricity  ;  and  when  a  communication 
IS  made  by  a  conductor,  the  increafed  power  on 
the  outfide  flies  in,  and  the  incrcaftd  power  with- 
in Hies  out,  to  make  the  powers  equal  within  and 
without. 

Place  a  Leyden  bottle  upon  the  infulated  ftand| 
form  a  communication  between  it  and  the  con- 
dudlor,  give  the  machine  a  few  turns,  and  loth 
fdes  of  the  httle  irill  he  electrified  ivitb  the  z^itreoHS 
poti-er,  as  you  may  cafily  prove,  by  touching  them 
with  down  or  a  fmall  ball  fufpended  by  filk  ;  for 
when  this  is  electrified  by  touching  the  outfide,  it 

will 


Or  Electricity.  343- 

ril!  be  alJb  repelled  by  the  ball  which  commu;*. 
Kes  with  the  infide. 

Place  an  infuia:ed  bottle  fo  that  the  ball  may 
ommunicate  with  the  condudlor ;  let  a  wire  alfo 
e  conncAed  with  the  coating,  fo  as  to  form  a 
stnniunication  with  the  table.  Now.  turn  the  ma- 
hine,  and,  i.  On  applying  a  cork  ball,  you  will 
M-  find  any  figns  of  elcdricity  in  the  coating,  but 
^u  will  find  the  ball  (or  inlide)  elcftrified  with 
ic  vitreous  power.  2.  Remove  the  wire  commu- 
icating  with  the  table,  and  you  will  find  the  coaU 
ijr  alfo  eledlrified  with  the  vitreous  power;  and 
*is  is  oittn  as  you  remove  the  wire,  ////  the  bottle 
^  full  charged.  3.  When  the  bottle  is  full  chargedj 
e^move  it's  communication  both  with  the  con- 
u^tor  "and  table,  touch  the  coating,  and  the  cork 
»n  will  remain  fufpended  by  it,  without  any  fign 
f  being  electrified ;  then  touch  the  knob  of  the 
»ott'Ie  ^ith  your  hand,  the  cork  ball  will  be 
trongly  repelled  from  the  coating,  and  be  elcc- 
rified  with  the  refinous  power.  4.  Take  another 
ork  ball  fufpended  by  filk,  and  touch  the  knob 
f  the  bottle  therewith,  and  the  cork  ball  will 
IC  elciflrificd  with  the  vitreous  power  and  repelled. 
:.  Now  touch  the  coating  with  your  finger,  and 
he  cork  ball  will  be  repelled  much  further  by 
he  ball;  but  that  which  was  repelled  from  the 
:oating,  now  flics  towards  it,  and  remains  at  reft, 
ill  you  touch  the  knob  of  the  bottle  with  your 
inger  ;  it  will  then  be  electrified  as  at  firft,  and 
>e  violently  rcpclUd ;  the  ball  v  hich  was  elcc^ 
rificd  by  the  knob  of  the  botrlc  will  now  fly  to- 
wards it.  This  chan;.n:  in  the  rxt;  nt  of  the  atnio^ 
phcre  of  the  ciiirLiciic  powcx'-.s  takes  {-^lacc  alnioft 
nftantancoufiv  a^  ot'cca  as  )oii  tijuL'h  the  ball  Gl- 
oating. 

Or  yoi"  ""Jav  conncvfl  the  knob  of  the  bottle  with 

he  condv  v.a  wire,  and  fufpcnd  a  cork  ball  to 
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touch  the  condudor;  then  touch  the  coating,  ind 
the  ball  will  be  repelled  from  the  conduAor, 
while  that  next  the  coating  is  attra<fled;  touch 
the  knob  of  the  bottle,  and  the  ball  will  be  repcllel 
from  the  coating, and  attraQcd  by  the  condutbor.aiid 
fo  on,  as  often  as  you  touch  the  knob  or  coating. 
From  hence  it  feems  plainly  to  appear,  I, 
That  the  bottle  is  cledtrified  with  the  vitrcow 
power  on  the  in(ide,  and  the  reGnous  on  the  aut^ 
fide.  2.  Thax  when  the  equilibrium  of  thcfcpoircrf 
is  dclb^oyed  by  lelTening  the  quantity  of  one,  the 
extreme  part  of  the  other  expands  itfclf  into  aii 
cxtenfive  atmofphcre;  but  the  atmofphcrc  of  the 
leflened  power  is  condenfcd,  as  appears  by  the  cork 
balls  falling  clofc  to  the  conductor  and  coating. 
3.  It  remains  to  be  fhewn,  how  thcfc  powers 
came  to  be  thus  fuuatcd  on  the  inlide  and  outfidc  « 
of  the  bottle,  or  why  they  do  not  mix  thro^gtt 
the  glafs  where  they  feem  to  have  the  grcatcll 
tendency  to  unite.  Here  it  will  be  neceflSuy  R> 
confider  the  reparation  of  thefe  powers  betwcoi 
the  globe  and  the  cuftion,  for  all  the  other  phe- 
nomena are  only  a  confequcncc  of  the  feparatioft 
that  takes  place  between  thefe.  Now  the  cylinder 
parts  with  it's  refmous  power  to  the  cufhion,  in 
exchange  for  the  vitreous  ;  the  condudor  in  like 
manner  to  the  globe,  and  the  inlide  of  the  bottle 
to  the  condudor ;  and  fo  the  exchange  would  g<i 
on  with  the  next  condu(5ling  fubftance,  but  that 
the  bottle  gives  fome  obftrudion  to  the  paflage  of 
the  eleftrical  powers;  by  which  means  the  vitreous 
power,  which  pafles  through  the  glafs  to  the  con< 
during  fubrtante  upon  the  outfide  of  the  bottle^ 
is  carried  off  together  with  the  vitreous  power  of  th 
coating,  along  the  wir^  which  communicates  with' 
the  table,  in  exchange  for  an  equal  quantity  ot 
the  refmous  power  brought  back  by  the  wire  to  the 
coating  of  the  bottle  ;  till  at  length  the  refmou^ 

power 
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rcr  on  the  outftde  is  able  to  countcrballanc« 

vitreous  power  on  the  infide,   and  thus  af* 

irds  an  opportunity  for  drawing  off  the  refinouft 

>wer  on  the  infidc  of  the  bottle,  to  the  condudor; 

that  the  bottle  remains  a  partition  between  the 

ropowers*  and  they  cannot  change  place  through 

lie  peculiarly  conftruded  pores  of  the  glafs,  while 

^eir  furfaccs  arc  oppofed  in  fuch  quantities. 

tFor  w  hen  the  jundlion  is  made  in  the  open  air^ 
when  their  furfaccs  arc  oppofed  in  any  quan- 
y,  it  is  not  done  without  violence,  occafioning 
loud  noife  and  a  flaih  of  fire,  while  burfting 
rough  to  meet  each  other  ;  for  wherever  the  di£- 
rent  powers  unite  in  any  quantity,  they  are  much 
ndenfed* 

The  violent  convulfion  felt  through  the  bod/ 
by  completing  a  circle  with  the  hands,  is  only 
occafioned  by  the  different  powers  paffing  in  op- 
pofition  through  rh^  fame  nerves.  For  if  one 
perfon  touches  the  coating,  and  another  the  top 
of  the  bottle,  the  bottle  will  be  difcharged  with- 
out giving  either  of  them  the  fliock.  Now  it  is 
very  clear,  that  as  much  fire  pafTed  through  either 
of  them,  as  if  each  had  fmgly  difcharged  the  )pot* 
tie.  But  in  this  cafe  the  fire  is  ditfufed  through 
all  parts  of  the  body,  and  the  fire  brought  in,  is 
drawn  from  all  parts  of  the  body,  and  confequently 
the  nerve  cannot  be  fo  much  fhocked  as  in  the 
former  cafe,  when  all  the  fire  pafles  in  oppofition 
itgh  the  fame  nerves, 

RIMENTS   ILLUSTRATING    THE  ThEORY  OF  TUt 

Levoen  Phial. 

Charge  an   infulatcd  bottle,  remove  it  from 
ihc  conductor,  and   let  a  cork  ball  fufpendcd  by 

Rk  hang  againft  the  outfide  of  the  bottle  j  touch 
,  c  outfidc  or  coating  with  your  finger,  the  ball 

will 
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will  nat  be  affetfled  ;  but  touch  the  knob  of  the 
bore  I  e,  arid  rhc  bail  immediately  flies  off,  ftrcmgly 
rletftrified  with  the  rclinnus  power;  and  thus  you 
n>ay  go  on  for  a  confiderrible  time,   altering  the 
baiiaiicc  of  the  powers  within  and  withotic  fide  the 
bottle,  by  alternately   touching  the  top  and  the 
bottom  of  the  bottle.    The  defenders  of  Franklin*! 
fyftcm  will  hardly  ftiy,  it  is  the  return  of  the  po* 
iitiTC   electricity  which  elccf^rifies  the  ball  nega- 
tively-    The  fad  is,  that  when  you  touch  the  top, 
you  take  a  fpark  of  the  vitreous  power  from  the 
infide,  and  in  exchange,  give  as  much  of  the  tt* 
finous  pow  cr  thereto ;  by  this  means^  the  force  of 
the  vitreous  power  within  the  bottle  is  Icflened, 
which  leaves  the  refinous  power  on  the  outfide  ift 
greater  quantity,  than  the  vitreous  within  fide,  and 
confequcntly  at  liberty  to  exchange  with  any  noo- 
rfcflric  in  contaft  with  it,  and  thus  the  ball  b6*' 
comes  eledrified  with  the  refinous  power- 
Charge  a  bott'c  fully,  and  remove  the  wilt 
from  the  tabic,  and  make  the  coating  communi-* 
eate  with  the  conductor  inftead  of  the  knob,  and 
then  ^urn  the  machine,  and  the   refinous  power 
with   which   the   coaling  h  electrified    becomes 
covered   with   the  vitreous    power,  and   you   may 
take  as  many  fparks  from  it  as  you  pleafc,  without 
making  any  change  in  the  charge  of  the  bottle ;  for 
when  you  ftop  turning,  and  remove  the  communi- 
cation with  the  condudor,  and  touch   the  outfide 
of  the  coating  with   the  finger,  all  figns  of  the 
vitreous  power  difappcar  j  and  when  the  circle  is 
completed,  the  bottle  is  difcharged   w  ith  as  loud 
a  report  as  it  would  have  done  before  you  applied 
the   condudor    to    the   coating;  for  the  vitreous 
power  wJthin  the  bottle  being   undifturbed,   kept 
an  equal  cjuantity  of  the   relinous  power  firmly 
fixed  to  the  ouifide  of  rhc  bottle. 

But  ihc  cafe  k  different  when  you  give  the 

vitreous 
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"Vitreous  power  from  the  infide  an  opportunity  to 
efcape.  Thus  when  the  bottle  is  full  charged  as  be- 
fore, remove  the  wire  that  communicates  with  the 
table^  and  bring  the  coating  in  connexion  with 
thfc  condu<flor;  after  a  turn  or  two  of  the  cylin- 
"dcr,  take  a  Ipark  from  the  ball  of  the  bottle,  and 
you  will  find  that  it  will  fly  to  a  confiderable  dif- 
.tknce,  often  double  the  diftance  you  can  draw  a 
ipark  from  the  conduftor,becaufc  the  vitreous  power 
covering  the  refinous  power  on  the  coating,  leflcns 
the  aAion  on  the  vitreous  power  within  the  bottle, 
and  therefore  leaves  that  power  greater  freedom  to 
fly  ofl^;  but  as  you  go  on  taking  fparks,  they  gra- 
dually lelTen,  becaufc  after  a  tT;w,  the  vitreous  power 
in  the  bottle  is  Icflbncd,  and  the  refinous  power 
v^ichin  increafed  by  the  quantity  received  in  ex- 
change on  every  fpark ;  and  thus  by  a  few  fparks, 
the  bottle  is  discharged  ;  but  if  you  go  on  to  take 
more  fparks,  the  bottle  will  be  re-charged  with  the 
refinous  power  withinfidc,  inftcad  of  the  vitreous, 
-^^'ith  which  it  was  before  charged. 

Again,  fuppofe  fifty  turns  of  the  cylinder  will 
charge  your  bottle,  turn  only  twenty-five,  and  then 
remove  the  communication  between  the  coating 
and  table^  and  as  you  turn  on^  (^whether  you  conti- 
nue the  communication  from  the  conductor  to  the 
top  of  the  bottle,  or  flii ft  it  to  the  coating,)  you 
will  find  the  bottle  eledrified  on  both  fides  with  the 
vitreous  po'xer ;  remove  the  bottle  from  the  con- 
duftor,  and  then  difcharge  it  with  an  infulated 
"difchargeri  and  you  will  find  the  bottle  fl:ill  elec- 
trified, hot^'^-itkin  afid  liitboui^  ivith  the  vitreous 
power;  but  this  electricity  will  difappear,  by 
touching  either  the  ball  or  coating  with  your 
finger. 

^Q  illujlrate  furtk/tj^Af  reciprocal  exchange  of 
the  eieihric  pv:crs^  hi^^^S|m^lihitcd  bottle  with 
a  wire  proceeding  fr0fl^^^B[|mn,  at  right  in^ 

gtes 
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glcs  ta  which  is  a  wire  for  receiving  a  nctdic  mi\  ] 
rcvcrfed  points  j  make  the  top  of  the  bottle  commu- 
nicatc  with  the  condu<Sor,  and  all  (be  timt  tbekl-  ! 
ile  is  charging,  the  needle  will  turn;  but  when  the 
bottle  is  charged,  the  needle  flops.  Then  touch 
the  top  of  the  bottle  with  your  finger,  or  any  coiw 
dudtor>  and  the  needle  will  turn  till  ihc  bouU  is 
difcharged.  Now  white  the  bottle  is  charg- 
ing, if  you  touch  the  needle  with  a  piece  of 
bog-down,  or  a  cork  ball,  fufpcndcd  by  filk, you 
will  find  it  clcdtrificd  by  the  vitreous  power ^  which 
flies  off  in  exchange  for  the  rcfmous  power  drawn 
in  from  the  air  to  the  outfide  of  the  bottle;  and 
while  the  bottle  is  dircharging,  if  you  apply  the 
down  or  ball  in  the  fame  manner  to  the  needlc^yoB 
will  find  them  ciccftritied  with  the  refinons  power, 
which  t^ics  off  from  the  outfide  of  the  bottle  in  ex* 
change  for  the  vitreous  power  drawn  in  through 
the  points  from  the  air;  while  the  vitreous  power 
from  the  infidc  of  the  bottle  makes  the  fame  ex- 
change for  the  rcfinous  power  through  your  finger, 
to  make  thefe  different  powers  equal  to  each  othcti 
wifhinfide  and  withoutfidethe  bottle. 

Place  two  Leydcn  bottles  on  an  eledlric  (land, 
with  their  coatings  in  contacl ;  and  while  you 
charge  one  from  the  conductor,  let  a  perfon  on  the 
floor  touch  the  top  of  the  other  bottle  with  his  fin* 
gcr;  you  will  find  the  firft  bottle  charged  with  th^ 
vitreous  power  infide^  and  the  fecond  with  the  rc- 
finous power  in  fide.  Now  the  exchange  here  i» 
evident ;  for  while  the  rcfinous  power  from  the  in^ 
fide  of  the  firft  bottle  changes  place  with  the  vi- 
treous thrown  in  from  the  conduiflor,  the  vitrcoust 
from  the  coating,  changes  place  for  fo  much  oi 
the  rcfinous  from  the  coating  of  the  fecond  bottle  j 
and  the  vitreous  in  that  bottle  changes  place  for  fo 
much  of  the  nfinous  power  drawn  in  through  the 
man  on  the  floor, 

1  charge  a  Leydcn  phial,  and  fct  it  afide  to  bi 
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in  rcadincfs  to  afcertain  the  ftate  of  another.  I  now 
take  the  bottle  with  the  projcding  wires,  fig.  10, 
pL  I J  unfcrewing  the  ball  from  the  wire  at  the 
coatings  and  fufpending  a  pair  of  pith  balls  there- 
from. This  done,  I  bring  the  knob  of  the  bottle 
to  the  condudlor ;  I  work  the  machine,  and  the 
phial  will  charge  flowty,  and  the  balls  will  repel 
each  other  ;  while  I  am  turning  and  the  bottle  charge 
rng,  bring  the  knob  of  the  firft  bottle  towards  the 
ballSj  and  they  will  be  repelled  thereby.  This 
plainly  proves,  that  the  outfide  of  the  bottle  ir 
eleSrifiedvitreouJly  while  it  is  charging,  ih^Ll  is,  with 
the  fameeledlricity  as  the  in(ide« 

Let  us  difcharge  the  bottle  with  the  project- 
ing wires,  and  charge  it  again  as  before,  and  you 
will  ftill  find,  that  zvhil/i  it  is  charging,  the  bails 
will  fly  from  the  knob  of  the  firft  bottle ;  I  ceq/e 
turning,  and  the  balls  ceafe  to  repel  each  other; 
they  now  touch  each  other,  and  again  recede,  but 
with  a  contrary  eled:ricity,  for  they  are  now  at- 
tra&ed  by  the  knob  of  the  firft  bottle.  This  fhews 
that  the  difference  between  the  two  fides  cannot  ap- 
pear, while  they  are  charging,  dr  while  vitreous 
elcdtricity  is  forced  through  the  jar. 

Let  us  now  difcharge  both  bottles,  in  order  to 
try  another  experiment,  to  determine  the  ftate  of 
the  outfide  during  the  charge.  I  firft  put  the  ball 
on  the  end  of  the  wire  of  the  bottle  with  the  pro- 
jecting wires,  bring  the  knob  thereof  to  the  con- 
du(5lor,  holding  the  knob  of  the  firft  bottle  againft 
the  coating  of  that  with  the  projecting  wires  ;  by 
working  the  machine,  both  will  be  charged.  Ak 
Ibon  as  ihcy  arc  pretty  well  charged,  and  udu'I^  the 
machine  is  irorkinir^  remove  the  firft  bottle  from  the 
other  ;  after  this  is  removg^  -^eafe  working  th^ 
machine  as  foon  as  pofiible^^^HMjLaonneL'l,  by  a 
wire,  the  two  outfide  coatt|[^^^^^Bring  the  balls 
tQ  each  other,    if,  w  hik  ^^^^^^Btfre  charge 
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bie  rniddle  of  the  glafs  j  *  there  alfo  the  greateft 
ffbrt  is  exerted. 

Mr.  Read  fay«,  that  when  the  charge  for  melt- 
^^  of  fine  wire  is  of  a  proper  intenfity  to  melt 
•   into  fine  globules,  he  has  obferved  the  wire 

>  be  of  a  paler  red  heat  in  the  middle,  than  at  the 
ctrsmities,  and  the  melting  to  begin  at  the  middle  ;\ 
aving  a  portion  unmelted  at  each  end.  At  other 
nics  (though  lefs  frequent)  the  wire  was  obferved 

>  be  of  a  more  glowing  heat  in  two  parts,  and 
lefe  were  generally  near  the  middle.  Thefc  'cf- 
'^ts  clearly  fticw,  that  the  vitreous  and  refinous 
cdtricities  of  the  charged  jarj-  met  in  great  force 
»r  the  middle  of  the  wire,  which  is  diredlly  con- 
ary  to  the  leading  notions  of  Franklin's  theory. 

The  remarkable  tendency  of  the  divided  fluids 

>  unite,  is  often  perceived  in  a/«//  charged  Ley- 
-n  bottle,  at  the  upper  edge  of  the  outfide  coat- 
g,  and  at  the  edge  of  the  cork  on  the  neck  of  th^ 
>ttlei  rays  of  light  darting  from  each,  and  folicit- 
B*  as  it  were,  an  union,  and  fometimes,  forming 

a<5lual  circuits 

f  E  samePrinciples  confirmed  by  the  Appear- 
ances OF  THE  Electric  Spark. 

The  elecftric  fpark  appears  of  different  colours 
'ording  to  it's  denfity ;  when  it  is  rare,  it  appears 
I  blUeifli  co/our;  when  more  denfe,  it  is  purple; 
en  highly  condenfcd,  it  is  clear  and  white,  like 
light  of  the  fun. 

The  middle  part  of  an  eleftric  fpark  often  ap- 
rs  diluted,  and  of  a  red  or  violet  colour*  while 
ends  are  vivid  and  whire  ;  this  appearance  can- 
be   accounted    for   by  thr         ^ory  of  a  Jing/e 
r  mo%nng  in  one  dire ii ion ^  I  1  proof  of  /1U.0 

""        Vf^j^  A  a  ^^       currents 
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iurrents  moving  in  oppojite  dircAions  ;  the  clcftrk 
figns  growing  weaker  where  the  two  powcn 
unite,  Mr.  Read  *  has  well,  and  1  believe  firft 
Qbfcrvcd,  that  the  place  of  re-union  is  nuich  Icfs 
luminous,  and  in  tome  cafes  quite  dark ;  and  that 
this  is  the  natural  cfteCl  of  the  union  of  the  two 
clcdlricitics ;  at  that  point  the  diflindtions  of  viire- 
•us  and  rejhtous  ccafe,  and  there  the  electric  li^ 
vaniftics.  1  hefc  appearances  are  bcft  obfervcd,  bf 
viewing  in  the  dark  a  flrong  clcc^lric  fpark  paffii^ 
between  two  bodies,  cictlriried  with  contrary  elec- 
tricities. 

Though  the  appearances  of  the  elcdlric  light 
on  a  point  and  ball,  as  well  as  of  the  cleftric  fpark, 
arc  fubjc(5l  to  many  variations,  yet  are  there  certain 
ligns  generally  peculiar  to  each  kuid  of  eirflricitj. 
For  iuftancc,  if  the  rclinous  part  of  a  fpark  be  fmall, 
or  what  has  been  iifually  tf"*med  the  luminous  glo- 
bule, then  the  mid.lle  pail  is  generally  of  a  pur- 
plifli  colour.  Wiicn  lamified  rays  ifTue  from  the 
vitreous  part,  then  t!ie  rcliiioiis  is  more  extended, 
llrctching  one  ro\v:i:di  :':.c  viireous.  When  the 
vitreous  :\^'\  /:  iiimu:»  cleCiricities  flrike  into  each 
other  in  dcn!c  ii^;!'.^,  in  vnri(Vc:j  parts  of  the  inter- 
niediate  Tpioe,  then  tr.eir  exact  place  of  union  i* 
generally  ohfervable  b)  :i  J^rrk  //■>/.  Mr.  Read, 
with  propriety,  cop-liders  the  lofs  '\f  light  in  any 
part  ot  an  clccirlc  fparJ-:,  whether  total  or  partial, 
as  t>.e  imniedi'V.'.  elfrc!:,  an.d  c(\>:i(iant  figns  of  the 
/v-z/A'/c'^/ oithe  tw:)  clediic  iti  ;s. 

Mr.  Ue-d  obferves,  that  whether  the  refinous 
lil^hr  iilliinics  ihe  jii:^ure  or  an  C'//'..-v^  /.'.^'Vr*,  or  of  a 
iiiviin'jiis  fjobii'.c.^  in  (iM.CtOr.fe  the  vitreous  light  is 
ken  10  aj^proach,  ami  Li.-.ite  with  it  in  nil  polfiblc 
direcliops.  The  eiiccL  ot  a  \i:reous  fiirface  appcari 
to  e:acpd   farther  than  t'p.a:  of  a  relinous  furfacc, 

*  Read's  Suinmaiy  X'icw  of  SiionUncous  Electricity  • 
49. 
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The  oppositE  Directions  of  the  two  Electri- 

,  CITIES,    PROVED.  BY     THE    ApPKARANC«    OF  THS 

Electric  Light  in  Vacuo. 

Though  I  have  already  pointed  out  to  you 
>mc  experiments  in  vacuo,  that  illuftrate  this 
oint,  yet  thofe  of  Mr.  Read's  are  fo  decifive, 
lat  not  to  mention  them,  would  be  to  deprive 
ou  of  eflential  information  on  this  fubjeS. 

For  thefc  experiments,  Mr.  Read  ufed  a  glafs 
jbe,  3  feet  7  inches  long,  furnilhed  at  each  end 
rith  brifs  caps,  one  of  the  caps  fitted  to  the 
late  of  the  slir-pump;  from  each  cap  a  brafs  wire, 
n  which  was  a  brafs  ball,  projected  within  the 
ibe ;  when  this  tube  is  fufficiently  rarified,  the 
harge  of  a  Leyden  phial  will  readily  pafs  through 
he  rarified  air. 

In  making  thefc  experiments,  you  muft  only 
lightly  charge  your  Leyden  jar ;  for  if  the  charge 
s  ftrong  enough  to  force  the  whole  contents  fwift- 
f  through  the  rarified  air,  the  motion  of  the  fluid 
I  too  rapid,  and  the  light  too  refplcndent  to  per- 
mit an  exadt  obfcrvation  of  it's  appearance. 

On  making  the  difc harge  in  the  dark,  you 
vill  perceive,  the  moment  the  circuit  is  formed 
or  that  purpofe,  a  light  within  the  tube,  but 
ihicfly  at  each  end.  Thefc  lights  are  of  the  con- 
rary  kinds  of  eleflricity,  and  accord  with  the 
ide  of  the  bottle  to  which  they  are  connedled. 
fou  may  fometimes  perceive  the  two  lights  to  have 
L  manifeft  tendency  to  7neet  near  the  middle  of  the 
'cfifting  medium.  Mr.  Read  has  obfcrvcd  the  light 
within  the  tube  to  be  confidcrablv  dinunillied  in 
rplcndor,  where  the  two  povv-  ^iiic,  and  fo  it 
Qughc  to  be,  for  when   the  twr  'cities  unire, 

^nd  regain  their  natural  Itatc,  t  l/ir  light, 

%r  it  is  only  in  0  divided  JIaft,  \^irical 

luUtr  h  tumtM^  icjamc  apj.-  l- pro^ 

^   I  3  :cd 
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duccd  in  the  tube  by  the  Ample  fpark,  that  is,  the 
rontrary  eleffricitits  are  obfervcd  at  each  end.* 

But  this  is  Itill  further  confirmed  byanc* 
obfervation,  and  dccifive  experiment  of  Mr.  Read's. 
He  fufpcndcd  his  exhauftcd  tube  in  an  horizond 
direi^ion,  by  fiik  lines  from  the  ceiling ;  \  one  cud 
»vas  placed  fo  as  to  receive  an  elertric  fpark  from 
-the  conduftor  of  his  machine,  at  half  an  inch  fnHn 
the  other  end  ;  there  was  a  metal ic  conamunicatioB 
with  the  earth. 

On  turning  the  machine,  the  tube  is  filled 
vith  eleftric  light,  and  continues  {o  long  as  the 
a%lion  of  the  machine  is  continued.  Mr.  Read 
firft  obfervcd,  that  the  inftant  the  lupply  ceafo, 
the  light  divides  near  the  widdlf  of  the  tube^  cm 
fiics  back  to  the  ends ;  fully  evincing  the  truth  of 
Mr.  Eeles's  theory,  by  ihewing  that  the  light  ^itb- 
in  the  tube  is  not  id!  cf  one  kind  of  elcfiricityi  the 
tube'  'ncludcs  both  electricities  in  6?;/t' appearance  of 
light;  k  c  moment  the  action  of  the  machine  is 
difco*  '  ucd,  the  j/y///A-  and  /;/f/'/^.v  ceafes,  and  each 
clcdricity  returns  to  it's  o\/n  place,  where  the  re- 
paration fMll  commenced. 

To  alrcruiin  beyond  difpute,  that  the  light 
within  this  kind  of  exhaullcd  tube  confifled  of 
vitreous  and  rclinous  lir^ht:,  he  made  the  following 
experiment.  The  glai's  tube  was  fufpended  as  be- 
fore,and  twoLeydcn  phials  in  an  horizontal  pofition, 
but  Iving  on  glafs  Hands,  were  placed  one  %l 
each  end  of  r^ic  lube,  with  their  metallic  knobs 
nearly  in  contact  with  the  metallic  caps  of*  the 
glals  tube,  in  t'us  difpofition  of  the  apparatus,  the 
coatihg  of  one  l)ott!c  is  to  receive  a  fpark  from 
the  prime  conductor,  and  the  coating  of  the  other 

a  fpark 

*  Read,  p.  51,52,  53. 
I  It  ifimoic  ronvni'iit  loiniulaic  rhc  glals  tube,  or  luminous 
cc*  '    '    »r  Ly  glaU  piilais,  a&  fig.  13,  pi.  1. 
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a  fpark  from  the  metallic  communication  with  the 
«arth. 

On  turning  the  cylinder,  fparks  were  per- 
ceived to  pafs  in  the  four  intervals  of  air,  and  at 
the  fame  time  a  luminous  appearance  within  the 
^lafs  tube.  On  removing  the  bottles,  and  examining 
cheir  charges,  they  were  found  to  correfpond  with 
the  lights  within  the  tube,  to  which  they  were  op- 
pofed.  One  bottle  was  vitrcoufly,  the  other  relia- 
oufly  eledrified.* 

Thefe  experiments  clearly  prove,  that  there 
is  at  the  fame  time  one  poiver  acting  fivm  within, 
towards  the  outfide  of  a  charged  Lcydcn  phial,  and 
another  power  asfling  from  the  outlide  towards  the 
infide  of  the  phial ;  and  thus  concur  with  others 
in  (hewing,  that  eledlricity  conlifts  of  two  dilHncl 
pofitive  powers  acting  in  contrary  directions,  and 
towards  each  other. 

Here  is  a  coated  fliilc  from  which  the  air  has* 
been  exhaufted,  that  you  will  find,  on  trial,  to  illuf- 
trate  pleafingly  the   theory  of  electricity,  ji]g-.  14, 
fl.  I. 

From  the  experiments  on  the  theory  of  the 
Leyden  bottle,  I  fhall  now  proceed  to  fome  enter- 
taining ones  with  the  fame  inftrument.  No  elec- 
trical experiments  anfucr  fo  well  the  joint  pur- 
pofes  of  pleafure  and  furpri fc,  as  thofe  that  are 
fnade  with  the  Lcydcn  phiaL  And  philofophers  arc 
to  far  from  laughing  at  the  aftoniflimcnt  of  the  ig- 
norant at  thefe  experiments,  that  they  cannot  help 
viewing  them  with  equal,  if  not  greater  aftonilh- 
inent  themfclves.  There  are  indeed,  as  Dr.  Priertley 
has  obferved,  many  electricians  Hill  living,  who 
can  well  remember  the  times  when,  with  rcfpect  to 

A  a  3  thefe 

*  Mr.  Ecles,  from  his  theory,  noiivtcd  out  in  1758,  tlie  mode 
of  making  this  experiment,  and  foiriold  what  would  be  the  re- 
fult.This  is  only  one  among  many  ir. (lances,  w  here  in  rciifoninj^tf 
fitiorL,  he  has  pointed  out  rcIuliV,  thai  the  I'lanklinuns  of  ihc 
^^y  denied. 
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thcfc  things,  they  themfelves  would  have  ranked 
among  the  fanie  ignorant  and  flaring  vulgar. 

What  would  the  ancient  phijofophcrs  have 
faid,  what  would  Newton  himfelf  have  faid,  to  fee 
the  prefent  race  of  elc<flricians  imitating,  in  mini- 
ature, all  the  known  efFedls  of  lightning;  nay, 
eflaying  to  difarm  the  thunder  of  ifs  power  of 
doing  mifchief,  and  without  any  apprchenlion of 
danger  to  themfelves,  drawing  lightning  from  the 
clouds  into  a  private  room,  and  amufing  themfelves 
at  their  leifure,  by  performing  with  it  all  the 
experiments  that  arc  exhibited  by  cledlrical  ma- 
chines ? 

One  cannot  indeed  confider  the  prefent  im- 
proved ftate  of  philofophy,  without  indulging,  with 
the  Rev.  Mr.  Jones,  a  wifh  to  exhibit  to  the  wife 
men  and  heroes  of  ancient  times,  fome  of  thofe 
wonderful  improvements  which  are  now  fo  familiar 
to  us,  but  were  totally  unknown  to  them. 

I  would  give,  fays  he,  to  Ariftotlc,  the  elec- 
trical fliock  :  I  would  carry  Alexander  to  fee  the 
experiments  upon  Woolwich  Warren,  and  exhibit 
to  him  all  the  evolutions  and  firings  of  a  modem 
battalion  :  I  would  (liew  to  Julius  Caefar,  the  in- 
vader of  Britain,  an  Englilh  man  of  war;  to  Archi- 
medes a  Itcam  en^nnc,  and  a  reflcding  telcfcope.* 

Entertaining  electrical  experiments  are  not 
without  their  ule,  for  they  even  give  philofophic 
minds  an  opportunity  of  viewing  things  under 
different  points  of  view,  and  often  arrefl  their  at- 
tention on  objects  which  had  before  efcaped  their 
notice. 

^oftrikr  a  hole  through  a  card.  Having  charged 
your  jar,  hold  a  card  with  one  hand  dole  to  the 
coating  of  riic  jar  near  the  bottom,  then  apply  one 
knob  of  the  dilcharging  rod  to  the  card,  and  the 

other 

♦  Jones's  Phyfiological  Difqulfiiions, 
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Dfthcr  to  the  ball  of  the  bottle,  and  the  difchargc 
will  pafs  through  the  card,  and  will  make  a  hole 
tihrough  it  with  a  bur  on  each  Tide,  of  which  I 
[hall  take  more  notice  hereafter;  it  will  have  a 
clrong  fulphureous  fmell. 

If  the  experiment  be  made  with  two  cards 
[nftead  of  one,  (the  cards  muft  be  placed  but  at  a 
ircry  fmall  diftance  from  each  other)  each  of  the 
cards,  after  the  explofion,  will  be  found  pierced 
with  one  or  more  holes,  and  each  hole  will  have 
burs  on  both  furfaces  of  the  can?. 

To  ftain  papery  you  muil  lay  a  chain  upon  a 
(hect  of  white  paper,  and  pafs  a  fliock  through  it; 
the  paper  will  be  found  to  be  rtaincd  with  a  black- 
ifli  tinge  at  every  jun'^ture  of  the  links.  If  you 
make  this  experiment  in  the  dark,  a  fpark  with  a 
kind  of  radiation  will  be  fecn  at  each  junfture  ; 
and  the  chain  will  appear  illuminated  like  a  line 
of  fire;  an  iron  chain  anfwcrs  bcft  the  purpofe. 

You  may  alfo,  by  the  difcharge,/^;//;  glajs  with 
gold  leaf;  for  this  end,  take  two  flips  of  common 
window  glafs,  each  about  an  inch  broad,  and  3  or 
4  inches  long  ;  then  take  a  narrow  flip  of  gold  or 
filver  leaf,  and  put  it  between  the  glaffcs  length- 
wife,  letting  the  ends  of  the  leaf  hang  half  an  inch 
without  the  glafles  at  each  end  ;  place  the  glafles 
in  the  fmall  wooden  prefs,  and  fix  them  there  by 
a  gentle  prcfTure,  and  then  lay  them  down  on  the 
table,  fo  that  one  end  of  the  metal  leaf  may  be  in 
conraiH:  with  the  coating  at  the  bottom  of  the  jar; 
and  when  the  jar  is  charged,  put  one  end  of  the 
difchargcd  rod  upon  that  part  of  i^ 
without  the  glafs,  which  is  fa^^^ 
and  apply  the  other  end  of  '' 
top  of  the  jar,  and  the  W^n 
metal  leaf;  and  when  rr 
der,   you  will   find,   thai 

A  a  , 
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melted  by  the  elcdiric  lightnings  and  driven  into 
the  very  fubftance  of  the  glafs. 

A  pane   of  glafs,  coated  on    each   fide,  the 
coating  being  every  where  about  two   inches  froiB 
the  edge,  with  a  pidure  pafted  on  the   upper  fide, 
and  put  into  a  frame,  is  called  the    fnagic  piflurti 
one  line  of  tinfoil  that  goes  from  the  coating  of  the 
under  (ide,  is  made  to  communicate  with  the  bottom 
of  the  frame  ;  the  back  edge  of  the  bottom  rail  and 
the  frame  is  covered  with  tinfoiL     Set  the  face  of 
the  pidlure  againft  the  ball  of  the  condudlor,  and 
turn  the  machine.     Then  take  it  away^  and  hold- 
ing it  in  an  horizontal  pofition  by  the  top  of  the 
frame,  lay  a  fmall  piece  of  money  upon  the  head. 
You  may  then  defirc  any  pcrfon  to  take  hold  of  the 
lower  rail  of  the  frame  with  one  hand,  and  to  take 
off  the  piece  of  money  with  the  other  ;  in  attempt- 
ing to  do  this,  he  will  fail  of  his  dclign,  for  the  mo- 
ment he'touchcs  the  money  he  will  receive  a  ftrong 
Ihock.  You  muft  continue  to  hold  the  frame  all  the 
while,  and  will  have  nothing  10  fear,  becaufe  none 
oftheeledlric  virtuc,with  which  thepiciurc  is  charg- 
ed, can  come  to  you,  as  you  arc  not  in  the  circuit. 
This  botilcalled  is  ihc/pc/ieJ  boiile,  becaufe 
it  is  only  coated  with  fmall  pieces  of  tinfoil,  placed 
at  a  little  diflance  from  ciuh  other;  charge  this  bot- 
tle in  the  ufual  manner,and  you  will  fee  flrong  fparks 
ofclcdricity  fly  from  one  fpot  of  tinfoil  totheothcr, 
mailing  the  paiVage  of  the  fluid  on  the  outiide  very 
vifibic.     Dilchargeihis  bottle,  by  bringing  a  point- 
ed w  ire  gradually  near  the  knob,  and  the  "uncoated 
part  of  the  glah  between  ihe  fpots  \\  ill  be  plealing- 
\y  illuminated,  and  the  nc^^ile  will  refomblc  that  of 
fmall  fired  crackers.      If  the  jar  is  dikhargcd  fud-  1 
uenlv ,  the  outlido  ilirfacc  appears  illuminated.    Tp  j 
produce  thele  appearances,  the  glafs  niuft  \r  "^^ 
ilrv. 

Hold  a  phial  in  the  hand  which  ha 
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ig  on  the  outfide,  and  prefent  it's  knob  tow^rdf 
I  elcdrified  condudor;  the  fire,  while  it  is  charge 
ig,  will  pafs  from  the  outlide  to  the  hand^  in  a 
leafing  manner;  on  the  difcharge,  beautiful  ra- 
tifications will  be  feen  upon  the  uncoated  part  of 
ic  jar. 

By  fetting  fire  to  fome  tow  in  a  tin  houfe,  you 
ive  a  rcprefcntation  of  that  awful  appearance,  4 
mje  inflames.  To  make  this  experiment  fuccccd^ 
ke  a  piece  of  foft  tow,  dry  it  well,  and  then  rub, 
:  fill  it  pretty  well  with  rofin,  and  place  it  be*  ^ 
veen  the  balls  in  the  infide  of  the  houfe ;  the  balls  ' 
lould  not  be  far  afunder,  nor  the  charge  too  high  % 
^nnedt  the  hook  at  the  bottom  of  the  houfe,  with 
ic  bottom  of  the  jar ;  let  the  top  of  the  jar  be 
^nnedled  with  the  condu£tor,  and  when  it  is 
hiarged,  put  one  ball  of  the  jointed  difcharger  on 
ic  condudor,  and  bring  the  other  down  upon  the 
all  above  the  houfe ;  the  explofion  will  fet  the 
>w  on  fire,  whofe  flames  will  pafs  through  the  win-i* 
ows,  and  make  the  houfe  appear  liKe  one  on 
re. 

You  may  pleafingly  illuflrate  the  nature  of  the 
^yden  phial,  by  fufpending  two  fets  of  bells 
liercfrom  ;  one  fet  conneifled  with  the  infide,  the 
ther  with  the  outfide,  feej?g.  16, />/.  i.  HooI( 
p  the  chain  from  the  bells  communicating  with 
he  infide,  that  they  may  have  no  connexion  with 
he  table ;  charge  the  bottle  in  the  ufual  manner  ; 
uring  the  charge,  the  fet  fufpended  from  the  out- 
ide  will  continue  to  ling.  After  the  bottle  is 
harged,  unhook  the  wire  of  the  bells  fufpended 
rem  the  infidc-  Touch  now  the  wire  A,  and  the 
lells  will  cealc  ringing,  but  th^  «^rlitT  fee  will  be- 
;in  to  att;  take  the  liiiger  trc-  ^  and  apply  it  to 
),and  the^b^^^L  B  will  be  liUc  thole  at 

I  wili  be  Jec^^  '^rion,  and  !*•      .^crnately^  till 
he  b^  ^^^^^^ 
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Experiments  with  the  Electrical  Battery. 

The  moft  formidable  part  of  the  eledlrical  ap- 
paratus is  the  elenrical  battery^  that  is,  a  numb^ 
of  jars  conncdcd  together  in  a  box  ;  the  bottom 
of  the  box  is  covered  with  tin-foil ;  from  thefc  a 
hook  projeds  on  the  outfide  of  the  box,  by  which 
jny  fubftance  may  be  connedled  with  the  out- 
fide of  the  jars ;  their  infides  are  all  conne8ed  by 
wires. 

With  a  battery  you  may  perform  a  grot 
number  of  very  furprifing  and  interefling  experi- 
ments ;  and  though,  if  very  large,  it  be  a  formida- 
ble appendage  to  an  elcdlrical  machine,  and  ought 
always  to  be  ufed  with  caution,  yet  it  cannot  be 
faid,  that  the  apparatus  of  an  eledtrician  is  com- 
plete without  it ;  it's  elTcdls  in  rending  various  bo- 
dies, in  firing  gunpowder,  in  melting  wires,  and 
in  imitating  all  the  effeds  of  lightning,  never  fail 
CO  be  viewed  with  aftonilhmcnt. 

There  is  Ibinc  caution  ncceifary,  in  the  ufc 
and  management  of  a  battery,  and  you  Ihould  be 
careful  never  to  make  part  of  the  circuit,  and  to 
prevent  thofe  that  are  feeing  the  experiments 
touching  ihe  battery,  or  approaching  too  near  to 
any  part  of  the  apparatus  ;  the  quadrant  el edlrome- 
tcr  Ihould  be  always  ufcd  with  it;  it  is  beft  to 
place  it  upon  the  ball,  which  unites  the  internal 
wires,  but  it  fliould  always  be  elevated  two  or  three 
feet  above  the  ball.  A  battery  cannot  be  charged 
fo  high  in  proportion,  as  a  linglc  jar  ;  the  quadrant 
electromLit  r,  th«  rciV  re,  never  riles  fo  high  as  90 
digrccs,  fcldom  hij^^hcr  than  to  60  or  70  degrees, 
more  or  Icfs,  in  propcMtion  to  the  fize  of  the  batte- 
ry, and  tlic  ln]\:e  of  the  niachinc.  I  mufl:  obferve 
to  you  here,  th:u  if  one  jar  in  your  battery  be  broke, 

VOH 
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roil  mufl:  remove  the  broken  jar,  before  the  reftcar> 
be  charged, 

Mr,  Atwood  made,  with  his  battery,  a  very  cu- 
cxpcrifncnt  on  the  perforation  of  paper  hy  ihf 
Jric  Jiuidf  combined  with  thofc  that  I  Ihall  af- 
^aids  relate  to  yuu,  you  will  find  it  prove,  with 
cat  clearnefs,  the  exigence  and  ailion  of  the  cm  a 
^tric  powers. 
He  fufpendcd  a  quire  of  paper  by  a   line,  in 
manner  of  a  pcndukmi,  from  a  convenient  aU 
ude,  fo  that  it's  plane  might  be  vertical.     The 
geft  charge  from  a  battery  was  paiTed  through 
[while  quicfcent  in  an  horizontal  diretflion  j>er- 
Hcular  to  the  plane,  the  rods  of  communication 
touching  the  paper;  the  phenomena  were,  firji^ 
?3perture  mentioned  in  the  ieavcs,beingprotrud- 
^  d  both  ways  from  the   middle:*  fecond^  not  tht. 
fRiallcll  motion  was   communicated  to  the  paper 
^nftn  the  force  of  the  difcharge, 
l^p    A  quire  of  the  thickeft  and  ftrongeft  paper 
^^Hs  made  ufe  of  for  this  experiment,   the  height 
HDm  which  it  was  fufpendcd  tixtecn  feet*     It  is 
^■extraordinary  appearance  on  the  hypothcfis  of  si 
Wiglc  electric  fluid,  that  a  force  fufficicntto  pene- 
trate a  folid  fubftaace  of  great  tenacity  and   cohe- 
tj  force,    fhould  not  communicate  the  fmalleft 
tion  to  the  paper,  when  a  breath  of  air  would 
caufe  fome  fenfible  vibration  in  it.     But  the  other 

Ilcnomenon,i.e.  the  oppofire  direction  in  which  the 
ivcs  are  protruded,  tends  very  much  to  flrengtben 
i  opinion  cf  nvo  oppofiie  currents;  indeed  when 
e  two  facts  are  taken  together,  it  is  fcarcely  pof- 
Wc  to  reconcile  the  hvjiolhcfis  of  a  iingic  power 
V  matter  of  iadh 

Mn 


\t  bur  of  the  p*pcr  pointed  one  way  on  one  fide,  and 

ic  way  on  the  other  lidf ,  as  if  the  hole  had  been  made 
'^c^uire,  by  drawing  two  thrciui  through   ii,  in  a  contrary 
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about  i  of  an  inch,  more  or  Icfs ;  the  diftancc  ap- 
pearing to  be  generally  lefs  when  the  power  is 
^eateft;  and  whether  they  pierce  or  only  make 
imprefnons  upon  it,  they  leave  evident  marks  of 
motion  from  two  different  parts,  and  in  two  con-* 
trary  direciions. 

When  two  flips  of  tin-foil  are  put  into  the  mid- 
dle of  the  quire,  including  two  or  more  leaves  be- 
tween them,  if  the  eleQricity  be  but  weak,  the  countcr- 
aAing  powers  only  ftrike  againft  the  flips,  but  leave 
aaimpreflion  ;  ifthefliock  be  ftrongcr,  one  of  the 
flips  is  pierced,  but  fcldoni  both ;  and  it  appear- 
ed in  general  to  Mr.  Symmer,  that  the  power 
U'hich  ifllied  from  the  outfldc,  ads  with  greater 
force,  than  that  which  proceeded  from  within. 

51?  break  thick  pieces  of  ghfs.  Place  a  thick 
piece  of  glafs  on  the  ivory  plate  of  the  univerfal 
difcharger,  yig-.  i^^pl.i,  and  a  thick  piece  of  ivory 
on  the  glais,  on  which  a  weight  from  one  to*  feven 
pounds  is  to  be  placed ;  take  oft'  the  balls  a,  b, 
bring  the  points  of  the  wires  againft:  the  edge  of 
the  glafs,  and  pafs  the  difcharge  through  the  wires, 
by  connedling  one  of  the  wires  with  the  hook  of 
the  battery,  and  forming  a  communication,  when 
the  battery  is  charged,  from  the  other  wire  to  the 
ball.  By  this  operation  the  glafs  will  be  broken, 
and  fome  part  of  it  fliivercd  to  an  impalpable 
powder.  When  the  piece  of  glafs  is  ftrong  enough 
to  refift  the  fliock,  the  glafs  is  often  marked  by 
the  explofion  with  the  moll:  lively  and  beautiful 
colours. 

Place  a  piece  of  very  dry  white  wood  between 
the  balls  of  the  univerfal  dilchargcr,  the  fibres  of 
the  wood  to  be  in  the  fame  direction  with  the 
-wires,  pafs  the  fliock  through  them,  and  the  wood 
will  be  torn  to  pieces ;  or  run  the  points  into  thj 
vood,  and  then  pafs  the  fliock  through  them. 

To  mejt    zi'ires    by  the  ciccrrical  fluid,  you 

oughc 
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ought  to  have  a  battery  containing  a:  lead  30 
fquare  feet  of  coated  furface;  you  may  then  con- 
ncift  the  outlide  coating  with  a  wire  of  about  Ath 
of  an  inch  in  diameter,  and  from  12  to  24  inches 
in  length  ;  faflen  the  other  end  of  the  wire  to  one 
of  the  bails  of  the  difcharging  rod ;  on  making 
the  difchaPje,  the  wire  will  become  red  hot,  then 
melt  and  IjJI  upon  the  floor  or  tabic  in  glowing 
globules.  Sometimes  the  fparks  are  thrown  toa 
confiderable  dillancc,  if  the  force  of  the  batteiy 
be  very  great,  ihcy  will  be  entirely  difpcrfed  1^ 
the  explofion.* 


*  For  a  further  variety  of  experiments^  fee  my  EOfay  M 
Tllcflricily. 
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LECTURE  XL VIII. 


Om  Lightning,  and  the  Usefulness  of  Metal- 
i-ic  Conductors  to  defend  Buildings  from 
it's  Effects. 


NOTHING  can  be  more  natural  than  to  pafa 
from  the  electrical  battery  to  lightning  itfelf, 
for  the  former  fecms  to  be  more  than  an  imita- 
tion; it  is  nature  inverted  with  her  own  attire.  The 
light  and  found  accompanying  thcfe  phenomena, 
when  exhibited  on  the  great  fcale  of  nature,  are 
indeed  fo  awfully  fublimc,  that  we  can  fcarce  with 
propriety  reflect  on  the  weaknefs  of  thofe,  who,  in 
ages  lefs  informed,  fuppofed  it  to  be  the  immediate 
minifter  of  vengeance  irom  an  angry  Deity.  They 
are  now  more  rationally  confidered,  as  the  natural 
means  of  rcfloring  a  ncceifary  equilibrium;  the 
rough  difcords  of  nature  produdive  of  general  har- 
mony. 

The  phenomena  of  lightning  are  always  fur- 
prifing,  and  fometimes  terrible  ;  there  is  no  ap- 
pearance in  which  there  is  more  diverfity,  no 
two  flafties  being  obfervod  exactly  fimilar  to  each 
other. 

On  a  fummer's  evening,  it  may  often  be  per- 
ceived to  play  among  the  clouds ;  this  kind  is 
quite  inotfcnfivc,  and  h  not  accompa^^  with 
thunder.  ^^ 

When    the    lightning   is    accomp^if 
thunder,  it  is  well  defined,  and  ha^  gcn^. 


zag  form;  fomefimci  n  nakes 
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the  letter  V,  fometimes  it  appears  like  thcarC' 
of  a  circle.  But  the  moft  formidable  stnd  dcftruc- 
tive  form  which  lightning  isevcr  knoun  to  alfumc/ 
15  that  of  balls  of  fire.  The  motion  of  thefe  is  very 
often  eafily  perceptible  to  the  eye,  but  Mrhcrctcf 
they  fall,  much  mifchief  is  the  fefult  of  their  at*| 
plolton.  The  next  to  this^  in  it's  deftrreHvcefFcdi^' 
is  the  zig-xag  kind;  for  that  fpccies,  nhofc 
are  indiltindt,  and  whole  form  cannot  be 
obferved^  is  feldom  known  to  do  much  hurt, 
may  conlider  the  colour  of  lightning  as  an  i 
tion  of  it's  power  to  do  mifchicfj  the  paieft 
brightefl  flalhes  being  mort  deftruttive. 

There  fccmsto  be  a  kind  of  omnipre/ent  p; 
in  the  ziz-zag  kind  of  lightning  m  hen  near, 
two  perfons  are  Handing  in  a  room,  looking dif*^ 
ferent  ways,  and  a  loud  clap  of  thunder  happens^ 
accompanied  with  the  ziz-zag  lightning,  they  wiB 
both  diftindly  fee  the  flalh,  not  only  by  that  irw 
diftindl  kind  of  illumination  of  the  atmofphcr^ 
which  is  occafioned  by  fire  of  any  kind,  but  the 
very  form  of  the  lightning  itfelf,  and  evei^  angU 
it  makes  in  it's  courfe  will  be  as  diftindHy  percep- 
tible, as  though  they  had  looked  directly  at  th€ 
cloud  from  whence  it  proceeded.  If  a  perfon  WW 
at  that  time  to  be  looking  on  a  book,  or  other  ob* 
ject  which  he  held  in  his  hand,  he  would  diftindly 
fee  the  form  of  Lhc  lightning  between  him  and 
the  objecft.     This  property  fccms  peculiar  to  light-- 

The  effeds  of  lightning  arc  generally  confined 
within  a  fmall  fpace  ;  and  arc  feldom  limilar  t0 
thofe  which  accompany  cxplofions  of  gunpowdcff 
or  of  inflammable  air  in  mines.  Inftancej  of  thii 
kind,  however,  have  occurred  ;  the  following  is 
one  of  the  moft  remarkable  of  which  we  have  anf 
diftincT:  account  :  "  AuguU  2.  1763,  about  lix  in 
the  evening,  there  arofe  at  Andcrlight^  about  t 

league 
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iguc  from  Bruflels,  a  conflift  of  feveral  winds 
►rnc  upon  a  thick  fog.    This  conflidl  lafled  four 

five  minutes,  and  was  attended  with  a  frightful 
fling  noife,  which  could  be  compared  to  nothing 
It  the  yellings  of  an  infinite  number  of  wild  beads. 
[ic  clould  then  opening,  difcovcrcd  a  kind  of 
ry  bright  lightning,  and  in  an  inftant  the  roofs 

one  fide  of  the  houfcs  were  carried  off  and  dif- 
rrfed  at  a  diftance;  above  1000  large  trees  were 
oke  off,  fome  near  the  ground^  others  7iear  tb^ 
\  fome  torn  up  by  the  roots  ;  and  many  both  of 
e  branches  and  tops  carried  to  the  diftance  of. 
>y   ICXD,  or  120  paces;  whole  coppices  were  laid 

one  fide,  as  corn  is  by  ordinary  winds.  The 
ift  of  the  windows  which  were  moft  expofcd  was 
vcred  to  pieces.  A  tent  in  a  gentleman's  gar- 
n  was  carried  to  the  diftance  of  4000  paces ;  and 
>ranch  torn  from  a  large  tree,  ftruck  a  girl  in 
?  forehead  as  ftie  was  coming  into  town,  at  the 
lance  of  40  paces  from  the  trunk  of  the  Ut^, 
\  killed  her  on  the  fpot." 

Thunder-ftorms  will  fomctimcs  produce  moft 
>lent  whirlwinds,  fuch  as  are  by  fome  philo- 
>hers  attributed  to  eledricity;  nay,  even  occa- 
n  an  agitation  of  the  waters  of  the  ocean  itfelf; 
I  all   this  too  after  the  thimdcr  and  lightning 

ceafed.  Of  this  we  have  the  following  in- 
ices.  **  Great  Malvern,  October  16,  1761.  On 
rdnefday  laft  we  had  the  moft  violent  thu^ider 
r  known  in  the  memory  of  man.  At  a  quarter 
t  four  in  the  afternoon,  they  were  fiirpri  fed  with 
loft   fliocking    and    difmal    noifc  ;   100    forges 

at  work  at  once,  could  fturce  equal  it. 
>on  the  fide  of  the  hill  about  400  yards  to  the 
tth-wertj    there  nppea^  prodigious   fnuike, 

ended   with  the   jamt       ^^^  noifc,  as  if  a  vol- 
10  had  burll:  our  oi  ih  ^^foon  defc ended, 

s  of  the  fuuth 
end 
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end  of  the  houfc ;  it  feemcd  to  rife  again  in  tte 
rncadow  juft  below  it,  and  continued  it's  progrA 
to  the  caft,  rifing  m  the  fame  manner  for  four  dif- 
JFcrent  times,  attended  with  the  fame  difmal  iroSi 
as  at  fird  ;  the  air  being  filled  with  a  nauftops  tlld 
fulphureous  fmell  ;it  gradually  decreafed  tillittrai 
quite  extinguifhcd  in  a  turnip  field^  about  a  quih 
ter  of  a  mile  below  the  houfe  ;  the  tumjjp  leavtt^ 
with  leaves  of  trees,  dirt,  ftjcks,  &c.  filled  theaii^ 
and  flew  higher  than  any  of  thefe  hills.  Thethim&t 
ceafcd  before  this  happened,  and  the  air  foon  A 
terwards  became  calm  and  ferene."' 

Lightning  is  in  the  hands  of  nature,  what  elec- 
tricity is  in  our's  ;  the  wonders  we  now  exhibit  It 
plcafurc  arc  little  imitations  of  thofe  great  eflM| 
which  frighten  and  alarm  us,  they  feem  to  depeiid 
on  the  fame  mechanifm  ;  the  fame  properties,  tte 
zig-zag  fparks,  their  fimilar  action  on  condudiflff 
*fub(\anccs,  phe  power  of  rending,  inflaming^  anfl 
difperfing  in  every  diredtion  the  fubftances  on 
which  it  ads  with  power,  the  giving  polarity  td 
ferruginous  matter,  &c,  all  concur  to  (liew  their 
identity.  But  independent  of  thefe  iimilarities,  the 
thing  is  proved  by  the  plaineft  and  cleared  cvi. 
jdence;  wnen  the  atmofphere  is  charged  withthun- 
jder  clouds,  we  can  by  an  elefJrical  kite  draw  from 
it  the  matter  of  lightning,  and  with  this  matter 
perff^rm  every  known  eledtrical  experiment. 

You  have  fccn,  that  the  eledric  powers  never 
jbecome  fenfible  to  us,  except  when  they  arc  fc- 
pararcd,  and  then  chiefly  in  their  paflage  from  one 
body  to  another  in  oppofite  diredions  ;  and  that 
an  equal  qnanlily  of  a  dijjrreni  poiver  mvjl  be  cofi" 
duHid  fy(.m  the  earth  to  the  clomi  to  produce  tigbt- 
irng.  There  miift  be  the  fanie  reciprocal  exchange 
pf  powers  to  occafion  lightning  from  one  cloud 
to  another. 

When  two  clouds,  which  are  highly  eledlrified 
T*iththc  different  powers,  come  near  together,  they 

«.^^\Qach 
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ais^r6ac)i  irith  an  incrcafing  force  till  they  flaHi  in 
cxchkn^rig  f^ivers.  But  as  clouds  are  formed  of 
4i!ffiiiA  'particles, and  every  particle  has  it's  (hare  of 
kibibt  eleftric  ^o^zf^r/, according  to  the  equality  or 
iAequalitybfquantityof  each  power  in  eachparticle, 
it  is  ti\OTC  or  Icfs  eledrified  ;  and  on  the  various 
€6inbinatidns  of  thcfe  powers,  will  arifc  the  mode 
ik  ^iv^ch  the  clouds  approach  each  othcr»  and  m 
Which  they  exchange  their  different  powers. 

When  the  electrified  particles  are  mado  -o  to 
i^'rbitfch  each  other,  that  their  atniofphcv.o  arc 
pfktfled  off  together  to  a  great  diilancc  frc^in  the 
cttftidj  they  then  act  nearly  the  fame  as  if  ihe  cloud 
vMfs  one  continuous  body ;  but  after  the  flafh,  thcfe 
ifiLittcfes  which  have  exchanged  powers,  and  in 
ivhich'th'c  two  clediicities  arc  united,  being  no 
longer  buoyed  up  by  thcfe  agents,  fall  down  in  rain, 
hddn  &c. 

That  thefe  atmofphcres  are  extended  to  a 
gk^t  dii^ance  from  the  cloud,  appears  from  all  ex- 
pfcrirtiehts  made  both  here  and  abroad;  for  in  them 
it  is  plain,  that  an  atmofphcrc  goes  up  from  ibe 
earth  of  the  power  which  is  contrary  to  th.it  of  the 
clpud,  which  would  not  take  place  if  the  atmo« 
fphere  of  the  cloud  did  not  reach  the  earth. 

When  one  of  thefc  highly  eledrificd  clouds 
approaches  fo  fiear  to  ike  earth  as  to  exchange  pozvers 
"jciib  ity  then  is  the  damage  done  to  thofc  thin^:;? 
through  which  the  exchange  is  made,  which  are^v- 
nerally  thofc  boilics  that  rife  ncarcil  ihc  cloud. 

Many  arc  the  obfcrvations  which  (hew,  t!.  t 
the  atmofphcrc  of  the  clouds  arc  condenfcd  at  ti  c 
time  of  their  joining  by  a  fialh,  and  i\rxt  the 
contrary  cledricity  is  then  as  it  were  dr.uva  'i^> 
from  the  earth.  Thus  in  Mr.  Ludolf's  acco- };>.*. 
Phil.  Tranf.  vol.  47,  at  every  clap  of  thurvlcr  I'.c 
tleclricity  feemcd  extinct,  and  did  not  rctjn  till 
after  the  fpacc  of  abo^r  'jofccoiiJs;  ihc  ti*rc:Kl:i 

B  b  3  VtbvA 
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which  by  their  divergence  indicated  the  eledri* I  d 
riry,  approached  each  other  fiiddenly,  as  if  tkj|i 
had  been  pulhed  together  with  force.  The  Abbe 
Nollet,  and  many  others  have  obfcrved  fimilir 
appearances.  In  an  obfervation  of  Abbe  NoUer, 
the  clap  of  thunder  put  a  ftop  for  fomc  time  n 
the  force  of  the  cledricity  ;  all  this  may  bccafilf 
illufl rated  by  our  electrical  apparatus.  Bring 
cork  balls  fufpcnded  by  linen  threads  from  ihtai 
of  a  M'ire,  within  the  atmofpherc  of  an  electrifiei 
rondurtor,  and  they  will  be  eledrificd  wirh  a  pour 
contrary  to  that  which  eleftrifies  the  coadkiocff; 
receding  from  each  other,  but  flying  tovuds  Ac 
conductor  ;  take  a  fpark  from  the  condccior,  al 
they  immediately  collapfe,  the  electricir*  ion 
into  them  from  your  body  returning  therrcoL 

It  often  happens,  as  before  obicr^^f,  is 
clouds  dedrified  with  the  contrary  rcwc^  « 
driven  together,  and  the  particles  ccr-.-ti:  ^tQ 
contad,  the  powers  are  exchanged  -^izi-.tlz  -ns: 
violent  fla(h  which  ufually  accompin:;:  z  :: :::l-c 
(foim.  In  this  cafe,  the  particles  gtr.zri  :«:  ^iri 
\'\  hcAW  lh(M\rrs  of  rain ;  bi:t  ihs^  zrz^.i.zi^t  ri. 
l'.M\,-.%  :.  \y\o\\  roruplcic  in  rhe  ::-..zi.:  :  ::•.: 
•.-.■...•:  ,  .v,'\.  ^:\^.  ihc  hcavieli  pr.r:  c:"  i*:  .'m'v: 
'    .•.»•;■»  ^-.^^'.^  :!^o  midJle  of  the  :1:«.^ 

*  •  ..'.•"    ■  ;.!»v:  of  this,  I  ll.all  c*-;- •    r:i;m:i:n 
•*•*••'    *  ••  •  •.  .'v^'C-i  many  might  b:  :'-;aii..ii 
"^'    '  ■■  •    ••'    ^':    Kc!cs  in  Oc:or>:r.  :  — :     r:^ 
•*  "•■•   ^»«  *'  ■.•.:':v:,  and   the  i::vl'.  h.-.-- 
■*    •'    ''     •   »  "^    s  .k\:.':s    he    Kj'-nc    :••:     :'if:i» -.t 

'■    •** '    ;:  ;!:  :::.:":cJ  wi:h   :":       irrna 

•'••:>".■'.  :r.c  :T:id,i'.e  ::"::.  :   ,:i/^ 

'»*•'";.:..  .\  .■".':  N/* 'v.  T'ncn  lat? 
■•'*::.:■     ::■»  i"   :hi  r:  i^^.iz    ir:  tiK 
:•■:.-::•::-:•  ::>    a-:   dP 
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ted  to  each  other  in  every  drop ;  their  atmo- 
crcs  and  adlions  were  therefore  infeniible. 

Rain^  hail,  and  fnow,  often  exhibit  figns  of 
ng  eledlrified,  for  the  clouds  are  feldom  fo 
ally  eledlrificd  with  the  different  powers  of 
Iricity,  as  upon  meeting  to  render  ihcm  equal 
^ach  defcending  drop.  In  large  flakes  of  fnow, 
cleftricity  is  often  very  evident ;  for  when  they 
nc  near  a  non-eledlric  body,  they  are  driven 
^ardsj,  and  cling  about  it  like  an"  eledrified 
cher. 

It  is  not  cafy  to  form  any  idea  of  what  fomc 
ters  mean,  by  a  negative  cloud,  or  a  negatives 
>ke.  Is  it  a  mere  inanity  which  knocks  down 
jples,  rends  trees,  tears  up  the  earth,  and  kills 
n  and  cattle,  &c.?  Can  that  which  is  not,  ait? 

You  faw  by  an  experiment  I  lately  exhibited 
you,  that  if  two  eledric  plates  (or  two  jars)  be 
irged,  and  a  communication  be  made  from  the 
reous  fide  of  one,  to  the  refinous  fide  of  the 
icr  ;  no  difcharge  will  follow,  unlefs  a  commu- 
acion  is  formed  between  the  other  two  furfaces 
the  fame  time. 

The  natural  eleftricity  in  the  atmofphere  is 
quently  difchargcd  in  this  manner:  two  clouds 
ng  eledlrified  with  oppofitc  powers,  the  fur- 
es  of  the  earth  immediately  under  them  arc 
ewife  eledrified  with  powers  contrary  to  thofc 
the  clouds  above  them;  and  the  moifture  of  the 
th  forming  a  communication  between  the  two 
itiguous  charged  furfaces,  whenever  the  two 
aids  meet,  there  will  follow  a  difcharge,  both 
the  clouds  and  furfaces  011  the  earth  oppofed 
them.  If  the  earth  lliouKi  be  dry,  aiul  confc- 
ently  aff<Miilifc.re(iftance  to  iHl-  union  of  tiie  two 
dlriciticp  Atcd  on  or  niuicr  it's  furface, 

^rc  will  1  >lofion  in  the  c:irih   as  well 

■~  the  al  'ch  will  prvratirt:  coTicuf^ 

^  lion* 
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fions  and  other  phenomena  which  have  frequentk 
been  obfcrved  to  happen  in  dry  fcafons»  particu- 
larly in  rhofc  climates  uhich  are  thp  moft  liable 
to  ftorms  of  thunder  and  lightning. 

The  various  cafes  of  lightning  a/e  too  numcr 
rous  to  be  here  confidered,  and  too  imperfeAJx 
known  to  be  accurately  explained.  What  I  hav? 
faid^  will,  I  hope,  give  fome  general  notions  of  th^ 
method  in  which  it  operates^  and  lead  you  to  4 
further  invedigation  of  the  fubjeft.  You  may 
from  thence  alfo  readily  account  for  it's  fecro- 
ingly  capricious  nature;  fometimes  it  will  flrike 
trecs^  high  houfes,  &c.  without  touching  cottage^ 
men,  or  animals  in  the  neighbourhood  ;  while  in 
other  inftanccs,  low  houfes  and  cattle  have  b^cn 
flruck,  while  high  trees,  fteeplcs,  &c.  near  tbei^ 
have  cfcaped. 

All  this  is  very  eafily  accounted  for,  upon  Mn 
Eclcs's  theory  of  a  double  current,  and  the  efforts 
in  nature  to  reftore  the  eledrical  fluid  to  a  latcn; 
(late,  whenever  by  any  means  the  powers  thereof 
have  been  feparatcd.  Thus  in  great  thunder 
ftorms,  there  is  a  portion  of  the  earth  under  the 
cloud  \ihich  is  eledtrificd  thereby,  with  .the  con- 
trary electricity;  thofe  objects  therefore,  which 
form  the  moft  perfect  condudors  between  the 
clouds  and  that  portion  of  the  earth,  will  moft 
probably  be  ftruck,  as  being  the  readieft  way  bf 
which  the  two  oppofite  powers  can  unite,  and  re- 
ftorc  the  clcclrical  equilibrium  both  in  the  cloud 
and  the  earth,  one  part  of  the  flalh  a/cmdini 
from  the  earth,  the  other  dcfccndtng  from  the 
cloud. 

Let  us  fuppofe  a  cloud  virreoufly  electrified, 
to  be  formed  over  a  certain  parts  of  the  earth's  fur- 
face  ;  the  elec5lric  power  of  the  cloud  firft  fepa- 
rates  that  of  the  atmofpherc,  and  while  it  is  thus 
operating,  the  atmofphere  is  relinoufly  clcdtrified^ 

ia 
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in  a  little  time  the  Jlir  becomes  vitredudy  eleftri- 
fi.ed»  and  then  both  it  and  the  cloud  ad  as  one 
body.  The  furface  of  the  earth  then  begins  to  be 
electrified^  and  the  powers  therein  to  be  leparatedj 
and  a  continual  effort  is  made  by  the  contrary 
electricities  to  unite  between  the  earth  and  the 
cloud.  If  thofc  caufes  which  firft  produced  the 
electricity  ftill  aft,  the  power  becomes  incon- 
ceivably greatj  and  the  flialhes  in  uniting  will  tear 
every  thing  to  pieces  that  refilt  their  paflage. 

Mr.  Read  juftly  obferves,  that  a  portion  of  the 
earth  may  be  highly  eledlrificd,  and  yet  we  may 
be  infenfible  thereof,  becaufe  we  are  involved 
therein;  for  where  all  things  are  equally  involved 
in  an  eledlrical  atmofphere,  there  can  be  no  vifible 
iigns  of  the  prefence  of  the  eleclric  matter.  Thus 
iftwo  or  more  perfons  be  elecftrified,  while  (land- 
ing on  the  y^;;i^  injiihuion^  they  fhcw  no  figns  to 
each  other  of  being  cledtrified.*  Whatever  be  a 
perfon's  fituation,  whether  in  the  houfc  or  open 
field,  he  is  liable  to  be  involved  in  an  electric 
charge,  whether  it  be  ftationary,  or  moving  wiih 
the  clouds.  Mr.  Read  found  himfelf  fo  involved 
once  in  Hyde  Park  ;  the  atmofphere  had  a  mena- 
cing appearance  with  a  heavy  black  cloud  at  no 
great  dirtance ;  on  taking  his  pocket  eledrometer 
out  of  it's  cafe,  and  holding  it  in  his  hand,  it  in- 
ftantly  diverged  near  one  inch.  It  is  not  probable^ 
th^it  the  reftoration  of  the  equilibrium,  or  return^ 
ittgjiroke,  as  it  is  often  called,  will  hurt  any  one^ 
unlefs  they  are  in  the  dircd  piith  of  the  flafh. 

I  have  already  cbfcrvcd,  tiiat  it  is  probable 
that  the  operations  of  the  electrical  inactcr  arc 
mod  univerfal  and  important  in  it's  latent  and 
united  ftate;  and  that  whenever  by  reparation  ic 
becomes   viliblc,  there     is    then   a  general    Hrels 
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throwprhout  the  greater  part  of  our  fyftem,  to  rc- 
Horc  the  equilibrium;  and  that  this  (Irefs  is  greater 
m  proportion  to  the  quantity  feparatcd  ;  that  this 
reparation  in  many  inftances  is  fpontancous;  and 
that  as  this  fluid  is  univerfally  difleminated^  there 
is  no  occafion  to  confider  the  appearance  of  elec- 
tricity in  vapour,  &c.  as  the  means  whereby  this 
fluid  is  conveyed  to  the  clouds. 

From  M.  de  Luc's  obfervations,  it  would 
hence  appear,  that  lightning  often  arifes  fromfud- 
<ki\  produdion  of  a  great  quantity  of  the  eledlrical 
Tuid,  that  which  is  then  munifeftcd,  not  being  ap- 
parent as  cicdriciry,  but  jufl:  before  we  perceive 
it's  efFeds.  This  is  further  conflrmed  by  his  ob- 
fcrvations  when  on  mountains,  where  he  had  often 
opportunities  of  viewing  thcfe  phenomena.  Thui 
in  a  ftorm  on  the  Bnrf,  (one  of  the  Alps)  while 
the  air  was  pcrfcdly  tranfparcnt  and  dry,  (the  laft 
circumflance  being  determined  by  the  hygrometer) 
clouds  began  to  torm  in  different  parts  ;  thefe, 
when  thickened  and  united,  embraced  the  fum- 
mit  of  the  Jiuei,  and  fupported  themfelves  againft 
MotDit  Ji/iiNc,  and  the  fummits  of  the  neighbour- 
ing mountains.  Mr.  de  Luc  and  his  com^uinions 
were  overwhelmed  with  rain;  there  was  alfo  a 
vaft  deal  of  lightning,  ^^hich  was  often  violent, 
and  laflcd  lor  a  confiderable  time.  Mr.  de  Sauf- 
fure  has  alfo  given  inftances  where  the  clouds 
formed  a  condiii^ting  communication  with  the 
ground,  ami  yet  the  lightning  continued  without 
interruption. 

From  thcfe  phenomena,  air  perfedly  iran/pa- 
rrnt  and  uVv,  containing  neither  the  vapours  ol 
v.  hich  the  clcuid  is  formed,  nor  the  elcdric  fluid, 
bur  only  the  ingredients  proper  to  givt  them  birlhj 
tc  infers,  that  by  fome  unknown  caufe,  clouds  oi 
aiertaiu  kind  are  formed  fpontaneouflv,  and  dur- 
ing 
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an  exchange  of  powers  can  he  moft  eaiily  maide,  or 
■where  the  union  of  the  two  powers  is  Icaft  refitt- 
ed. If,  then,  there  happens  in  any  of  the  preced- 
ing inftances  to  be  a  houfc  furniflied  with  a  con. 
dudling  rod,  directly  between  that  part  of  the 
cloud,  and  that  part  of  the  earth,  where  thefcisthc 
greatcft  effort  for  rcftoring  the  equiUbrium^  the 
condudtor  will  bcftruck,  and  will  probably  pre- 
vent the  building  from  receiving  any  injury.  If 
there  be  no  conducSor,  the  lightning  will  for  the 
foregoing  reafons  paft  at  the  fame  place,  but  thp 
building  will  probably  be  damagea,  becaufe  the 
materials  refill  the  paffage  of  the  eledria\l 
powers. 

Of  Pointed  and  Knobbed  Conductorsj 

A  great  difputc  has  been  carried  on  among 
clc(flricians  concerning  the  termination  of  cob- 
duding  rods,  for  prcfcrving  buildings  from  light- 
ning ;  fomc  warmly  contending  that  they  (hould 
be  terminated  by  L/iois  or  balls  ;  others  as  ftrenu- 
oufly  contending,  that  they  (hould  be  pointed. 

Ever  fincc  the  identity  of  electricity  and 
lightning  has  been  proved,  condudors  of  fomc 
kind  have  been  generally  allowed  to  be  ncceffary 
for  the  fafety  of  buildings  in  thunder  ftorms,  as 
they  afford  a  ready  paffage  for  the  union  of  the  con- 
trary clfdriciries.  Electricians  fcem  to  have  forgo; 
ihat  neither  lightning  nor  elcdricity  ever  rtrike  a 
body,  merely  tor  the  fake  of  the  body,  but  becaufe 
that  body  is  a  means  of  rcftoring  the  dillurbed 
equilibrium. 

When  a  quantity  of  elcdricity  is  excited  by 
means  of  an  clcdric  machine,  a  body  communicat- 
ing with  the  earth,  will  receive  a  ftrong  fparkfrom 
the  prime  condud:or ;  it  receives  this  fpark,  not  be- 
caufe it  is  capable  of  containing  all  the  electricity 
X  ef 
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of  the  cylinder  and  conduxftor,  but  becaufc  the  n^i- 
tural  fituation  of  the  fluid  being  difturbcd  by  the 
rngtion  of  the  machine,  the  natural  powers 
make  an  effort  to  reftorc  the  equilibrium.  No 
lboner»  then,  is  a  conduding  body,  communicating 
vrith  the  ca.rth,  prefentcd  to  the  prime  conductor, 
than  the  whole  effort  of  the  clcciricity  is  diredled 
againft  that  body  ;  not  merely  becaufe  it  is  a  con- 
ductor, but  becaufe  it  affords  a  place,  by  which  the 
natural  powers  can  more  readily  unite,  and  which 
they  would  do  byothcrmcans.though  that  body  were 
not  to  be  prefented.  That  this  is  the  cafe,  we  may 
eafily  fee,  by  prefenting  the  fame  condudling  fubr 
itance  in  an  infuiatcd  flatc  to  the  prime  condudor 
of  the  machine,  when  we  lliall  find  only  a  fmall 
Ipark  will  be  produced.  In  like  manner,  when 
lightning  ftrikcs  a  tree,  a  houfe,  or  a  conducing 
ro^l,  it  is  not  becaufe  thcfe  objeds  are  high,  but 
becaufe  they  are  fituatcd  in  that  place,  where,  from 
a  variety  of  caufes,  the  impetus  of  the  two  powers 
Cflfi  be  Icflencd  by  uniting  with  each  other. 

From  hence  you  will  perceive  the  faljacy  of 
that  kind  of  reafoning,  which  is  generally  cm- 
ployed  concerning  the  ufe  of  thunder  rods. 

Becaufe  a  point  prefented  to  an  eledlrificd 
body  in  our  experiments,  draws  off  the  eledricity 
in  a  fi lent  manner,  Dr.  Franklin  and  his  followers 
have  concluded,  that  a  pointed  conductor  will  do 
the  fame  thing  to  a  thunder  cloud,  and  thus  pre- 
vent any  kind  of  danger  from  a  ftrokc  of  light- 
ning. 

But  for  this  very  reafon,  Mr.  Wilfon  and  his 
party  have  determined,  thjt  riie  ufe  of  pointed 
conductors  is  utterly  unlafc  ;  they  juIUy  coniidcr 
the  Franklinian  idea  of  exhaufting  the  clouds  of 
their  ciectriciLy,  to  be  not  lefs  abfurd,  than  it 
would  be,  to  clear  away  an  inunv.tation  with  a  iho- 
v/rl,  or  exhauft  the  aifnofj^hrre  with  an  air-pump^ 
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of  tTie  flroke  perftcVy  canned ed  vitfe  the  c6fc. 
rtion  ftock.  Hcn(rc  it  is  evident,  that  the  "tffeft 
of  conductors,  in  general,  is  too  incdnfiderai^ 
cither  to  lelFcn  fear,  or  animate  hope. 

The  thunder  botifr,  jig.  3,  pK  2,  afs  k  Ts  ifual- 
ly  called,  is  the  apparatus  phrKii>aHy  ufcfl  to  Hluf- 
trite  the  Vranklinian  method  of  prefcrving  hoiifa 
from  daitiagc  by  liphniing.     It  confiftsof  k  fti^o^ 
gany  board,  fhaped  like  the  gable  end  of  a  hbuff. 
It  is  fixed  upright  on  an  horizontal  board  as  a  ftand; 
a  fqoarc   hole    is  rhade  in  the  giablc  board,   into 
which   is  firted,  fo  as  to  go  in  and   out  tiiiily,  ii 
fquare  piece  of  t*ood  ;  a   wire  is  fixed  in  the  ont 
diagonal  of  this  board,  und  t^ires  arc  alfo  fixed  ih 
the  gable  board,   one   from    the  upper   pan,  the 
lower  end  of  which  comes   to  one   corner   of  the 
fquare  hole  ;  the  upper  end  of  the  other  wire  coin- 
cides with  the  oppolite  corner,  and  goes  tiown  tA 
the  bottom  of  the  Rable  board.     The  uppel-  t:\xt 
has  a  brafs  ball  on  the  top;  this  may  be  occafional- 
ly  taken  off,  tvhich  leaves  a  point  expofcd  ;   at  the 
bottom  of  the  lo\^cr  w  ire  there  is  a  hook  ;  conned 
the  hook  at  the   bottom  with  the  outer  coating  of 
ajar,  place    the  Iquare  piece   in  the  ho?e,  fo  ihit 
the  metallic  wire  lliail  not  coinciile  with  the  other 
t'l^o;  when  the  jnr  is  charged,  brinj;  the  difchari;- 
iivg  rod  froH)  the   knob  thereof  to  the  ball  of  tnc 
lituife ;   an  e:-:plofion   will  enfi?c,  and    ihe    fquare 
piece  be  driven  out   to  a  good  dirtan^c    trom  the 
^able  hoArd. 

Put  the  fqi?:irc  piece  ir.to  the  ho!c,  in  fuch  a 
manner,  that  tlie  encJs  of  the  di^ifronrd  iiray  not 
coin-i(if  with  the  civis  (.:  t!.e  wire  of  the  *j.7iblc 
board,  then  nuikc  the  C-'^^Vyr^ii^  a^  b.j".  re,  ,7»f.i  tkc 
n:et.i'-ic  dnuti  I eh:^  >;:::•  c::u;:ctc,  :!:•.  i,^^vc  board 
wil:  remain  in  -t's  p.Ku'c. 

lake  :  ::  u.k:  L.:!\   ^vA  rhv  prwii:    -.nii  present 
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_lc  elcilric  cloud  is  driven  with  confiderablc  velo- 
city near  to  a  pointed  conductor,  the  charge  maf 
be  caufed  to  explode  upon  it  by  the  motion  of  the 
charged  body. 

tA  painted  conductor  has  not  even  the  power 
atiracling  the    lightning  a   few    feet    out  of 
e  diredion  it  would  choofc  itfelf :    of  this  we 
vc  a  moft  decifive  inftance  in  what  happened  to 
he  magazine  at  Purfleet^  in  Eflex.     That  houfc 
IS  furnilhed  with  a  conduflor^  raifcd  above  the 
rhcft  part  of  the  building;  neverthclcfs,  a  flafb 
lightning  ftruck  an   iron  cramp    in   the  cor- 
of   the    wall    of   the  building,   confiderably 
wtt  than  the  top  of  the  condudor,  and  only 
ty-fix  feet  in  a  floping  line  diftant  from  the 
)int. 

The  conductor,  uith  all  it's  power  of  draw-' 
ing  off  the  electric  matter,  was  neither  able  to  pre- 
iKnr  the  flath,  nor  to  turn  it  forty-fix  feet  out  of 
Jms  way.  The  matter  of  fa^fl  is,  the  lightning  was 
(detcmiined  to  enter  the  earth  at  the  place  where 
the  Board-houfc  ftands,  or  near  it  ;  the  condudor, 
fixed  on  the  houfe,  offered  the  ealicft  communica- 
tion, but  forty-fix  feet  of  air  intervening  between 
ihr  point  of  the  condudtor  and  the  place  of  the 
Ptploiion,  the  reliflance  was  Icfs  through  the  blunt 
cramp  of  iron,  and  a  few  bricks  moiHened  with 
the  rain  to  the  fide  of  the  metalline  condudlor,  than 
through  the  forty-fix  feet  of  air  to  ic*s  point,  for 
the  former  was  the  way  in  which  the  lightning  ac^ 
tually  paffed. 

An  objcdion  to  the  ufe  of  conducftors  of  cither 
kind  may  be  alfo  drawn  from  the  accident  which 
happened  to  the  poor  houfe  at  Heckingham, 
Norfolk,  which  was  liruck  by  lightning,  though 
fumilhed  with  eight  pointed  condudtors,  and 
which,  i  am  well  afliired  from  good  authority, 
Were   uninicrruptcJ^  continuous^  and   at    the   time 
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LECTURE   XLIX. 


On  the  NATrRE  of  Electricity,  or  Animal 
Electricity,  &c. 


AFTER  pointing  out  to  you  the  principal  phe- 
nomena of  elcftricity,  and  exhibiting  to  you 
many  of  the  moft  intcrefting  and  entertaining  ex- 
periments in  this  branch  of  natural  philofophy;  I 
ihall  now  endeavour  to  trace  out  it*s  connediott 
vith  the  great  agents  in  the  operations  of  nature, 
and  thus  lead  you  to  form  fome  idea  of  what  clec- 
cricity  is,  and  of  it's  ufe  in  the  great  fyftem  of  things. 
Whatever  it  may  be,  it  is  certain,  and  that  without 
any  exaggeration,  that  whether  you  look  to  the 
heaven  above,  or  the  earth  beneath,  you  can  fcarcc 
perceive  any  thing  that  is  not  adtcd  upon,  and  in 
a  manner  pcrfecHy  fubjcded  to  the  operations  of 
this  wonderful  fluid. 

That  clcftriclty  is  r^al  matter,  and  not  a  mere 
property,  is  evident  from  a  variety  of  circum- 
ftanccs.  When  it  paflTcs  between  bodies,  it  divide* 
the  air,  and  puts  it  into  thofe  undulations  which 
give  us  the  idea  oi  found.  It  emits  the  rays  of 
iigbt  in  ever)  direvflion,  and  thofe  rays  are  varioufly 
refrangible  and  colorific,  as  other  light  is:  and,  if 
light  is  acknowledged  to  be  matter,  it  is  contrary 
to  reafon  and  experience;  to  fuppofe  that  the  thing 
whichemitsiifliould  notlikewifcbematcrial;neithcr 
arc  the  other  feiifes  unafFedtcd  at  it*s  prefencc: 
\VsJmell  is  ftrongly  phofphoreal  or  fulphureous. 
The  fcnfe  oi  fceli)i^  is  a  witnefs  of  it's  prefencc, 
not  only  from  the  fparks  which,  when  received 
from  the  condudtor  of  a  powerful  machine,  are 
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Elcdlricitf^  when  it's  force  is   concentntd' 
^and  converged,  produces  heat,  as  I  (hall  foonfbc^ 
you  by  it's  effect  on  a  thcrrnomecer.     This  docs 
away  the  objeftioti  formerly  made  to  ihofe,  wba 
.allertedy  that  cksftricky  was  that   dementary  fiit 
which  pervaded  all  fubftanccsi  the  ohjedioam!* 
that  though  the  etedric  matter  emit  red  light,  i^ 
.' kid  the  appearance  of  firet  it  wanted  it'sefFTvi 
chara6tefiftic  of  burning  j  and  where  great  q^AB- 
litie^  of  the  fluid  were  forced  through   fubftafiC6| 
they  iniinuatedf  that  it   might  be  occafioncd " 
the  internal  commotion  excited  aoFiong  iheir  fi 
.  particle^. . 

There  h  no  occafion  to  ilwefl  trpon  the  wd 
ft.n|B&  ahd  f?tllacy  of  the  objedion^  as  it  is  compi 
'Jy  removed  by  many  fafts*  i.  The  effe<fl  of  d 
'tricity  upon  the  thermometer.  2.  By  the  e 
ipeniit  that  was  made  at  the  Puncheon  by  Mr 
Ibhj  with  the  immenfe  apparatus  'tiAt  was  am- 
ilrudled  for  making  experiments  on  the  prcfa* 
able  utility  of  pointed  or  knobbed  conductors,  6t 
preferving  buildings  from  lightning.  The  ekfitfc 
aura  from  this  machine  fired  gunpowder  in  ifc 
moft  unfavourable  circumftancea  that  can  be  imi* 
gined>  namely^  when  it  was  drawn  off  by  a Htfrp 
point,  in  which  cafe  it  has  generally  the  leaft  force 
Upon  a  ftaif  of  baked  uood^  a  ftcm  of  brafs  vm 
fixed,  which  terminated  at  the  top  in  awoodcQ 
point;  this  point  was  put  into  the  end  of  a  finall 
tube  of  Indian  paper,  made  fomewhat  in  form  of 
a  cartridge,  about  an  inch  and  quarter  fong,  and 
rs  chs  of  an  inch  in  diameter.  When  the  cartridge 
was  filled  with  common  gunpowder  unbruifedi  a 
wire  communicating  with  the  earth,,  was  fatten- 
to  the  bottom  of  the  brafs  ftem.  The  charge^ 
the  large  condutftor  bein^  kept  up  by  ihe  motf 
of  the  cylinder^  the  top  otthe  cartridge  was  bro 
near  to  the  condudor,  fo  as  even  frequentlj 

to 
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uch  the  tin^foil  with  which  it  was  covered.  In 
is  fituation  a  fmall  faint  luminous  ftream  was  fre- 
cntly  obfervcd  between  the  top  of  the  cartridge 
d  the  metal.  Sometimes  this  dream  would  jet 
e  to  the  gunpowder  the  moment  it  was  applied ; 
others  it  would  require  half  a  minute  or  more, 
fore  it  would  take  efFeft.  The  dittercnce  in  time 
s  fuppofed  to  arife  from  fome  moifture  in  the 
wden     Tinder  was  fired  much  more  readily. 

It  now  appears  clearly,  that  the  eledtric  fluid 
wing  through  bodies,  either  in  fmall  quantities, 
with  rapidity,  or  in  very  great  quantities,  will 
Dduce  heat,  and  fet  them  on  fire :  it  feems  there- 
x  fcarce  difputable,  that  this  fluid  is  the  fame 
th  the  element  of  fire. 

Thefe  are  far  from  being  the  only  inftances  of 
eir  identity,  for  fire  is  brought  into  adlion  by 
(Stion,  as  well  as  elcdricity.  Fire  dilates  all 
dies :  the  eledric  fluid  has  alfo  a  dilating  power, 
lich  is  evident  from  it's  acftion  on  a  thermome- 
*,  though,  in  general,  the  force  with  which  bodies 
here  together  is  greater  than  the  dilating  power 
cleQricity. 

Fire  promotes  and  accelerates  vegetation  as 
11  as  germination.     Kleclricity  does  the  fame. 

Eledlricity,  as  well  as  fire,  accelerates  eva- 
ration. 

The  experiments  made  by  Mr.  Achard  on 
-  eggs  of  a  hen,  and  by  others  on  the  eggs  of 
>ths,  prove  that  elediricity,  as  well  as  heat,  fsf- 
jrs  the  developement  of  thofc  animals.  The 
(flric  fluid,  in  common  with  fire,  will  throw 
tals  into  fufion. 

If  fubftances,  with  equal  dcprrccs  of  heat, 
ich  each  other,  the  heat  is  ditibfed  uniformly 
:wecn  them.  In  the  fame  manner,  if  two  bodies 
:h  unequal  degrees,  or  diiierent  kinds  of  elec- 
:ity,  touch  each  other,  an  equilibrium  will  b^ 
iblifiicd. 

C' 
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If  bodies  of  different  kinds,  and  of  eqmld 
grees  of  heat«  are  placed  in  a  medium  of  a  oiiTrr 
temperature^  they  will  aU  acquire,  at  the  m 
m  certain  tifne^  the  fame  d^ce  of  heat.  Thti 
a  confiderable  difference*  however,  in  ihc  (\ 
of  time  in  which  they  acquire  the  temperauii 
the  medium:  ex.gr.  meuls  take  lefa  time  i 
glafs*  to  acquire  or  lofe  an  equal  degiree  dT  he 

On  an  attentive  examination  of  thtf  hi 
which  receive  and  lofe  their  heat  fooneft*  i 
they  are  placed  in  mediums  of  difl^ereoc  temi 
ture^  they  will  be  found  to  be  the  Ikme  wbid 
ceive  and  lofe  the  eledric  figns  fooncft.  M 
which  become  warm  or  grow  cool  the  iquickef 
the  fubftances  in  which  the  eledric  powen 
moft  readily.  Wood^  which  requires  moie 
to  be  heated  or  cooled^  receives  and  lofes  el 
city  flower  than  metals,  laftly*  glafs  and  fd 
fubftances*  which  receive  and  lofe  flowly  the 
trie  fluid*  acquire  with  difHcuIty  the  temper 
of  the  medium  which  furrounds  them. 

If  one  extremity  of  an  iron  rod  be  heated 
hot,  the  other  extremity,  though  the  bar  is  fi 
feet  long,  will  become  fo  warm  in  a  little 
that  the  hand  cannot  hold  it ;  becaufe  the 
conduds  fire  readily;  but  a  tube  of  glafs,  o 
few  inches  long,  may  be  held .  in  the  hand* 
while  the  other  end  is  melting.  The  eledlric 
in  the  fame  manner,  paflcs  with  great  velocity 
one  end  of  a  rod  of  iron  to  the  other  ;  but  i 
confiderable  time  before  a  tube  of  glafs*  m 
end  of  which  an  excited  elcQric  is  held,  will 
eledric  figns  at  the  other. 

Thcfe  obfervations  prove,  that  feveral  I 
that  receive  and  lofe  with  difficulty  tkeiir  i 
degree  of  heat*  receive  and  lofe  alfo  with'  ditf 
their  eledlricity. 

The  eUSric  powers  may  be  put  in  aShn  k 
and  cold.    Mr.  C^taon  ip\oc\3.\^^  S^raxK:  '^is^ 
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Ih^  of  about  an  inch  and  a  half  diameter^  with 
or  tubes  about  eight  or  nine  inches  in  lengthy 
cleftrified  them,  fome  vitreoufly  on  the  inlide, 
Chers  rcfmoufly,  and  then  fealed  them  hermcti- 
ailly ;  foon  after  he  applied  the  naked  balls  to  his 
lenrometer,  and  could  not  obferve  the  leaft  lign 
^  their  being  elcdlrical :  but  holding  them  at  the 
.  jfire,  at  the  diftance  of  five  or  fix  inches,  they  be- 
came ftrongly  cledlrical  in  a  Ihort  time,  and  more 
^  Jb  when  they  were  cooling.  Thefe  balls  would, 
J;Cvcry  time  they  were  heated,  give  the  electric 
~  "jpowcr  to,  or  take  it  from  other  bodies,  according 
"^  to  the  vitreous  or  rcfinous  ftate  of  it  within  them, 
^^{Icating  them  frequently  diminilhed  their  power, 
r  Jbut  keeping  one  of  rhem  under  water  a  week  did 
j'^ot  in  the  lead  impair  it.  The  balls  retained. 
"*  ;thcir  virtue  above  fix  years. 

The  tourmalin  and  many  other  precious  (lones 
^  are  alfo  known  to  acquire  eledricity  by  heat.  The 
tourmalin  has  always  at  the  fame  time  a  vitreous 
and  reiinous  electricity  ;  one  fide  of  it  being  in  one 
llate,  the  other  in  the  oppofite.  Sometimes  one 
fide  will  at  the  fame  time  poflTefs  both  eledricities. 
Thcfe  powers  may  be  excited  by  fridtion  and  by 
lieat ;  nay,  even  by  plunging  it  in  boiling  water. 

Many  inftances  prove,  that  eledricity  is  pro- 
duced by  liquif anion.  Thus  where  chocolate  is  ma- 
nufa&ured  in  large  quantities,  a  vivid  light  is  fre- 
quently fecn  flalhing  upon  it's  furface  after  melt- 
ing, and  it  will  alfo  attradl  light  fubfi:ances,  fepa- 
ratc  pith  balls,  &c.  When  it  had  loft  this  proper- 
ty, Mr.  Henly  found  it  might  be  rcftorcd  by  melting 
it  together  with  a  f:n;ill  quantity  of  olive-oil.  If 
fulphur  be  melted  in  a  glafs  vcird,  and  taken  ' 
when  cool,  both  it  and  the  glafs  will  be  fo 
Jlronffly  electrified. 

1  have  already  fliewn  "' 
produced  by  the  evaporqt 


w^_ 
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relate  Mn  Read's  •  mode  of  perform iJig  rtiis  a^ 
peri  men t*  He  injulatts  a  large  hollow  tin  cone,  cim- 
taining  about  four  Iheets  of  tin  plates,  with  imiij 
yards  of  fmall  wires  coiled  up  within  it ;  one  end 
of  the  wire  is  extended  from  the  cortc^  to  a  vttj 
fcnfible  elcdrometcr.  The  cone  and  wire  coU^ 
and  condenfe  the  afcending  electrified  vapour,  n 
it  quits  the  in/ulated  veffct,  containing  the  fluii 
The  cleftrome ter  connefted  with  the  cone,  11  n* 
treoufly  cleiftrified  ;  that '''^nnefted  with  the  ¥cffd 
from  whence  the  vapoui  irofe^  is  in  a  relkoyy 
ftate,  ■ 

Mn  Read  has  lurntng  different  fiS^ 

Itancts  in  infulatcd    v         »  under  his   tin  cm\ 
Jhcwn,  that  bodies,  in  %fr^m  a/^Hd  t&  tf  jWi^ 

Jlatft  produce  the  tw(  ;ri<itics  ;    the   quantity; 

obferved,  is  in  general  ¥        fnxall^  on    accoufitfliF 
the  intimate  aflinity   between  Jfam£^  and  ikSfh 

Action  of  Electricitv  on  a  THERMOMirtit 

Infulate  a  fenfibic  mercurial  thermometer,  an^ 
place  the  bulb  between  two  balls  of  woodtOnei^ 
fixed  to  the  conductor,  the  other  communicatiflj 
with  the  ground,  and  the  eledric  fluids  in  pafTinj 
between  the  two  balls,  will  raije  the  mercury  hth 
thermomeier  (mfiderahly.  With  a  cylinder  of  aboti 
feven  inches  and  a  half  in  diameter,  the  fluid  pa( 
fing  from  a  ball  of  lignum  vitae  to  a  ball  of  becct 
and  thence  to  the  ground,  elevated  the  quickfdvi 
in  the  thcrmonnetcr,  from  68''  to  iio^,  repeatedl 
to  105*^.  The  thermometer  was  raifed  from  68*! 
85*'>  by  the  fluid  pafiing  from  a  point  of  box  to 
point  of  lignum  vitae  i  from  67''  to  loo^  from 
point  of  bpx  to  a  ball  of  box^  from  66**  to  lOO^ 
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a  ball  of  box  to  a  brafs  point ;   from  69^  to 
)*,  from  ball  lo  ball ;  the  bulb  of  the  thcimo-» 
fetcr being  covered  with  flannel. 

**  If  (hen  tbefe  fluids^  fire^  lights  and  eleSri^ 
which  thus  mittually,  avd  in  all  refpe^s^  af^ 
ie  each  other*  s  properties^  are  nai  the  fame  ;  ^xp^- 
Mini  is  a  thing  not  to  be  depended  upon^  and  the 
~  obvious  rules  of  pbilnfophifing^  adopted  and  ap^ 
rved  by  all  parti f St  are  no  better  thanfpecious  de-^ 
Nitons  r 

More  indeed  need  not  be  faid  to  any  obferver 
nature ;  but  it  is  neceflary  to  accumulate  proof, 
[order  to  leffcn  the  prejudices  of  modern  philo- 
phers^  who  have  altogether  negledcd  to  ftudy 
"  trace  the  great  agents  of  nature.  For  thefe 
lay  be  necelFary  to  point  out  other  links,  ia 
lich  they  may  fee  the  connection  between  jire^ 
V/,  and  electricity. 
Thus  as  heat  is  diminifhcd,  or  bodies  are  cool- 
ed, eledricity  fucceeds  in  it*s  place.  All  elcftric 
bodies^  by  heat,  are  rendered  condudors,  and  can 
no  longer  be  excited;  but  as  foon  as  the  heat  is  re- 
eved, their  ele<5i:ric  property  returns. 

tVater  is  a  conducting  fublUnce;  by  being 
ten,  it's  condufting  powers  are  leflened  ;  when 
>lcd  down  to  twenty  degrees  below  o  of  Fahren- 
it's  fcale,  it  becomes  an  eleilric^  ai>d  w  ill  emit 
irks  by  friftion,  Hkeglafs,  The  atmofphere  is  a 
tural  eledtric;  but  by  a  certain  degree  of  heat, 
fjofes  in  a  degree  this  property,  and  becomes  a 
idudlor;  nor  is  there  any  doubt  that  it'scledric 
jperties  are  increafed  in  proportion  to  the  dc- 
ee  of  cold  imparted  to  it, 

Mr.  *^pinus  mei^tioiis  fome  fa<fls  in  a  letter  to 

Guthrie,   which    will  illuftrate  this  fubjed  ; 

relate  to  phenomena  that  are  known  to  take 

ICC  in  Ruflia,  when  a  great  cold  has  continued  for 

Jcvcral  weeks.     Mr,  iCpinus  was  fent  for,   to  fee 

Cc4  aiV 
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an  uncommon  phenomenon.  On  goin^  intotte 
apartment  of  Prince  OrlofF,  he  found  him  at  W| 
toilet,  and  that,  at  every  time  hi*  valet  drew  \m 
comb  through  his  hair,  a  pretty  ftrong  crackliag 
noife  was  heard  ;  and  on  darkening  the  room,  tk 
fparks  ivcre  feen  following  the  comb  in  great  abuB- 
dance,  while  the  Prince  was  fo  completely  ekc- 
trified,  that  (Irong  fparks  could  be  drawn  frdmhii 
hands  and  face ;  nay,  he  was  even  eledtrified^  wha 
he  was  only  powdered  with  a  puiF. 

A  few  days  ^fter,  Mr*  impious  was  witnefilo 
a  more  ftriking  efted  of  the  cleftric  ilate  ofi 
Ruilian  atmofphere.  The  gr^c  Duke  of  Raffia 
fent  for  him  one  evening  in  the  (wilighc^  and  told 
him,  that  having  briikly  drawn  a  flannel  cover  off 
a  green  damaik  chair  in  his  bed-chamber,  he  vu 
alloniihed  at  the  appearance  of  a  (Irong  bri^t 
flame  that  followed,  but  confidering  it  as  ai|  elec- 
trical appearance,  he  had  tried  to  produce  a  fimir 
lar  illumination  on  different  pieces  of  furniture, 
and  could  then  (hew  hi  pi  a  beautiful  and  furprif- 
ing  cxperinient.  Hi3  Highnefs  threw  himfelf  on 
his  bed>  which  was  covered  with  a  daniafk  quilt, 
laced  with  gold,  and  rubbing  it  with  his  hands  in 
all  diredions,  the  young  prince,  who  had  then 
reached  his  twelfth  year,  appeared  to  be  fwim- 
ming  in  fire,  as  at  evpry  ftrbke  flame?  arofe  all 
around  him,  darted  to  the  gold  lace  border,  ran 
along  it,  and  up  to  that  of  the  bed,  even  to  the 
very  top. 

While  his  Highnefs  was  fhewing  this  experi- 
ment. Prince  Orloff  came  into  the  rpom,  with  a 
fable  nuiff  in  his  hand,  and  (hewed  us,  that  by  on- 
ly whirling  it  five  pr  fix  times  round  his  head  in 
the  air,  he  could  clecflrify  himfelf  fo  ftrongly,  as 
to  fend  out  fparks  from  all  the  uncovered  parts  of 
his  body.  The  iulaid  floors  had  become  fo  dry,  as 
lO  form  a  complete  infulatipn. 

In 
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In  the  winter  time,  therefore,  we  mud  confi- 
:  dcr  the  frozen  furface  of  the  earth,  the  water,  and 
-  atmofphcre,  as  forming  one  eled:rical  machine  of 
;j   enormous  magnitude,  for  the  natural  cold  of  thofe 
T   countries  is  often  cold  enough  to  cool  water  to 
;   more  than  20  degrees  below  o,  and  thus  render  it 
.    iui  clcdric.     That  fomething  of  this  kind  is  real. 
Appears  from  the  exceflive  bright  aurora  borealis, 
J    jsmd  other  electric  appearances  far  exceeding  any 
thing  in  this  country.     In  the  fummer  time  thefe 
appearances  are  not  remarkable,  but  an  excedive 
heat  prevails   from  the  long   continuance  of  the 
fun  above  the  horizon.     The  quantify  of  heat  in 
Jummer  beingfucceeded  by  a  proportionable  quantity 
of  eleilricity  in  winter,  one  can  fcarce  avoid  con- 
cluding,   that  the  heat  in  fummer,    or  dif engaged 
fire,  becomes  eletlric  fluid  in  winter,  which  going 
off  through  the  celejlial  expanfe  returns  again  to  the 
grand  fource  of  light  and  heat,  thus  making  room  for 
the fucceeding  quantities  which  are  to  enliven  the 
earth  during  the  followir^feafon. 

If  the  identity  of  Tight,  fire,  and  eledricity, 
be  admitted,  the  fource  from  whence  the  eledric 
^uid  is  derived  into  the  earth  and  atmofphere  is 
very  evident;  it  can  be  no  other  than  i\^z  fun^ 
or  fource  of  light.  The  vaft  quantity  of  light  con- 
tinually proceeding  from  the  fun  to  the  earth,  mull 
in  a  great  mcafure  be  abforbed  thereby  ;  but  from 
other  operations  in  nature,  it  is  prevented  from  re- 
maining there  ;  it  is  therefore  in  continual  circula- 
tion, to  make  room  for  the  new  quantities  conti- 
nually coming  from  the  fuii.  It:  mult  however  be 
obferved,  that  as  this  Hiiid  is  v:\riouny  combined,  it 
cannot  appear  in  it's  natural  form  of  fire  or  lights 
till  it  is  difengagcd,and  (  apal)lc  of  receiving  a  mo- 
tion limilar  to  what  \\i  had  when  proceeding  from 
the   lun. 

Thii:  change  oi  m.ntcr  into  a  different  form. 
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vith  the  fubfequenc  regeneration  of  it  ijyto  it*s  pri- 
mitive formj  is,  fays  Mr.  Jones,  one  of  the  grcai 
fecrets  of  nature,  whereby  the  world  is  kept  nora 
decaying  either  with  refpedl  to  it's  matter  or  iVi 
motion.  By  means  of  a  circulation  in  matter,  the 
Jading  motions  of  nature  are  pi^intained^  and  it's 
ftorcs  upe^chauftcd.* 

The  .experiments  that  I  (hall  now  lay  bcfoK 
you,  do  in  the  ftrongeft  manner  prove  the  identity  of 
the  eledric  fluid  and  light,  and  that  both  arc  tranfmiN 
ted  through  eleftric  as  well  as  other  fubftances ;  am} 
that  it  is  on  the  motion  of  this  fluid,  that  tranfpa. 
^ency  depends ;  that  when  this  medium  is  at  reft, 
the  body  is  opakc ;  when  fct  in  motion^  it  be- 
comes  tranfparent. 

Luminous  Experiments. 

^0  render  an  ivory  ball  luminous.  Take  a  ftroi^ 
fpark  through  the  center  of  the  ball,  and  it  will  be 
illuminated  throughout. 

To  obtain  a  crimfon  coloured  fpark.  Take  a 
fpark  through  a  ball  of  box-wood,  and  it  will  ap- 
pear of  a  beautiful  crimfon,  or  rather  a  fine  fcarlet 
colour;  or  the  (hock  may  be  paflcd  through  piecci 
of  wood  of  different  thickncffcs  and  denfity,  which 
will  afford  a  very  ample  field  for  obfcrvation  and 
experiment. 

To  make  a  bottle  of  water  luminous.  Conned 
one  end  of  a  chain  with  the  outfide  of  a  charged 
jar,  let  the  other  end  lie  on  the  table,  place  the  end 
of  another  piece  of  chain  at  about  one  quarter  of 
an  inch  diHance  from  the  former,  then  fet  a  de- 
canter of  water  on  thcfe  feparatcd  ends,  and,  on 
making  the  diichargc  through  the  chain,  the  wa- 
ter will  appear  perfcclly  and  beautifully  lumi- 
nous. 

There 

•  See  Joncs\  Phyfiological  Difquifiiions,  p.  51 . 
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7bere  h  fcarce  am  fuhftancc^  fuid^rfotid,  iui 
tvbai  may  h  rendertd  luminous^  hy  pajjing  tbt  eUc^ 
fric  fuid  through  it^  and  iberehy  Jeparating  I  be  eleCf 
fric  powers  inbirent  in  the  hody.  In  uatcr,  fpiril, 
pil,  animal  fiuids  of  all  kinds^  the  difchargc  of  a 
]Ucydcn  phial,  of  almoft  any  fize,  will  appear  very 
fplcndid,  provided  you  take  care  tO  place  them  in 
the  circuit,  fo  that  the  fluid  may  not  pafs  through 
Ceo  great  a  quantity  of  them. 

To  perform  this*  place  the  fluid,  on  which  the 
experiment  is  to  be  made,   in  a  tube   three   cjuar-^ 
ters  of  an  inch  in  diameter,  and  four  inche&  long ; 
flop  up  the  orifices  of  the  tube  with  two  corks, 
through  which  pufia  two  pointed  wires,  fo  that  the 
points  may  approach  within  one-eighth  of  an  inch 
to  each  other ;  the  fluid,  in  paffing  through  the  in- 
terval which  fcparatcs  the  wires,  is  always  lumi- 
nous, if  a  force  be  ufed  fufficicntly    ftrong ;  the 
glafs  tube,  if  not  very  thick,  always  breaks  when 
this  experiment  fucceeds.     To  make  the  pafiage  of 
the  fluid  luminous  in  the  acids,  they  muft  be  placed 
in  capillary  tubes,  and  two  wires  introduced,  as  in 
the  preceding  experiment,   whofe  points  fliall  be 
If  cry  near  each  other.     It   is  a   welUknown  fadl, 
that  the  difchargc  of  a  fmall  Leydcn  phial,  in  paf- 
(ing  over  a  ft  rip  of  gold,   filver,  or   Dutch  metal 
leaf,  will  appear  very   luminous.     By   conveying 
the  contents  of  ajar,  mcafuring  two  gallons^  over 
a  ftrip  of  gold  leaf^  one-eighth  of  an  inch  in  dia- 
imetcr,  and  a  yard  long,  it  will  frequently  give  the 
whole  a  dazzling  brightnefs*     You  may  give  this 
experiment  a  curious  divcrfity,  by  laying  the  gold 
or  lilver  leaf  on  a  piece  of  glafs,  and  then  placing 
the  glafs  in  water;  for  the  whole  gold  leaf  will  ap- 
pear mofl:  brilliantly  luminous  in  the  water,  by  ex- 
pofing  itj  thus  circumftanced,  to  the  exploEon  of 
9  bactery, 

"Ibt 
•  Sec  Mr.  Morgan's  Paper,  Phil.  Tianf. 
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Tb^  difficulty  of  making  any  quantity  of  the 
eleSrical fluid  luminous  in  any  body^  increafes  as  ibc 
conduffing  power  of  that  body  increafes ;  becaufe 
the  two  powers  unite  fooner  in  proportion  to  the 
conducting  power^  and  eonfcquently  all  cledric 
%ns  vaniih. 

In  order  to  make  the  contents  of  a  jar  lumi- 
nous in  boiling  water,  a  much  higher  charge  is  nc- 
ceflary,  than  would  be  fufficient  to  make  it  lumi* 
nous  in  cold  water,  which  is  univerfally  allowed  to 
be  the  worft  conductor. 

There  arc  various  reafons  for  believing  the 
acids  to  be  very  good  conductors ;  if,  therefore, 
into  a  tube  filled  with  water,  and  circumftanced 
as  has  been  already  dcfcri bed,  a  few  dropsof  either 
of  the  mineral  acids  are  poured,  it  will  be  almoft 
impoflible  to  make  the  fluid  luminous  in  it'spafTage 
through  the  tube,  as  the  two  powers  unite  imme* 
diately. 

T^be  eafe  witb  wbicb  tbe  clelirical  fluid  is  ren" 
dered  luminous  in  (sny  particular  body^  is  increafd 
by  incrcafnig  tbe  rarity  of  tbe  body.  The  appearance 
of  a  fpark,  or  of  the  difchargc  of  a  Leydcn  phial, 
in  rarificd  air,  is  well  known.  But  we  need  not 
reft  the  truth  of  the  preceding  obfervation  on  the 
feveral  varieties  of  this  fact  ;  limilar  phenomena 
attend  the  rarifadlion  of  ether,  of  fpirits  of  wine, 
and  of  water. 

Spark  in  rarificd  iratery  fpirits  ofwine^  etber^ 
and  actds.  Into  the  orifice  of  a  tube,  48  inches 
long^  and  two-thirds  of  an  inch  in  diameter,  Mr. 
Morgan  cemented  an  iron  ball,  fo  as  to  bear  the 
weight  which prcfTcs  upon  it  when  the  tube  is  filled 
w  ith  quiokfil  ver,  leaving  only  an  interval  at  the  open 
end,  w  hich  contains  4  few  drops  of  water.  Having 
inverted  the  tube,  and  plunged  the  open  end  of  it 
into  a  bafon  of  mercury,  the  niercury  in  the  tube 
flood  nearly  half  an  inch  loucr  than  u  did  in  a  ba- 
rometer 
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>meter  at  the  fame  inftant,  owing  to  the  vapour 
which  was  formed  by  the  water.     But  through  this 
rarified  water,  the  electrical  fpark  paflcd  as  lumU 
Doufly  as  it  does  through  air  equally  rarified, 
1  If,   inftcad  of  water,  a  few  drops  of  fpirirs  of 

Bine  are  placed  on  the  furfacc  of  the  mercury,  phc* 
Tomena,  fimilar  to  thofc  of  the  preceding  experi- 
ment, will  be  difcovered,  with  this  difference  on- 
ly, that  as  the  vapour  in  this  cafe  is  more  denfe, 
^e  cledrical  fpark»  in  it's  paflage  through  it,  h 
^bt  quite  fo  luminous  as  it  is  in  the  vapour  of  water, 
V     Good   ether,   fubftitutcd   in  the  room  of  the 
Spirits  of  wine,  will   prefs  the  mercury  down  fo 
low  as  the  height  of  i6  or   17  inches.     The  elec- 
trical fluid,  in  pafTmg  through  this  vapour,  funlefs 
the  force  be  very  great  indeed,)  is  fcarcely  lumi- 
nous; but  if  the  prelfure  on  the  lurface  of  the  mer- 
cury in  the  bafon,  be  gradually  Icflbncd  by  the  aid 
of  an  air-pump,  the  vapour  will  become  more  and 
more  rare,  and  the  eledric  fpark,  in  palling  through 
it,  more  and  more  luminous. 

^  The  brilliancy  and  Jplendor  of  the  tie  Uric  [park 
^m  ahvays  increafedTvben  it  iscovipreffed  intoa  fmaller 
^mmpa/s.  That  is,a  fpark,  orthedifcharge  of  a  battery, 
^hich  we  might  fuppofe  equal  to  a  fpherc  one  quar- 
ter of  an  inch  in  diameter,  will  appear  much 
more  brilliant,  if  the  fame  quantity  of  fluid  is 
compreflcd  into  a  fphere  one-eighth  of  an  inch 
in  diameter.  This  obfervation  is  the  obvious 
confcquence  of  many  known  fa^5ls;  if  the  ma- 
chine be  large  enough  to  afford  a  fpark,  whnfc 
length  is  nine  or  ten  inches,  this  fpark  may  be  fecn 
fometimes  forming  itfclf  into  a  brufh,  in  which 
ftate  it  occupies  more  room,  but  appears  very  faint- 
ly luminous;  at  other  times,  the  fame  fpark  may 
befeendividingitfelf  into  a  variety  of  ramifications, 
which  ihoot  into  the  furrounding  air.  In  this  cafe, 
likcwife,  the  fluid  is  djffufcd  over  a  large  furfacc, 
and  m  proportion  to  the  diffulion.  To  is  the  faint* 
_  1  ut^% 
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nefs  of  the  appearance.  A  fpark^  which  in  the  opoi 
air  cannot  exceed  one  quarter  of  an  inch  in  diame- 
ter, will  appear  to  fill  the  whole  of  ait  exhauftcdie^ 
ceiver>  four  inches  wide  and  eight  inches  long :  boc 
in  the  former  cafe  it  is  brilliant,  and  in  the  latttrit 
grows  fainter  and  fainter,  as  the  fizc  of  the  rcceim 
increafes.  This  obfervation  is  further  proved  bj 
the  following  experiments. 

Introduce  two  pointed  wires  into  the  vacuun^ 
fo  that  the  fluid  may  caiily  pafs  from  the  point  of 
the  one,  to  the  point  of  the  other;  when  the  dif- 
tance  between  them  is  not  more  than  the  arte  tcmb 
of  an  inch,  in  this  cafe  we  (hall  find  a  brilliancy  as 
great  as  in  the  open  air. 

Into  a  Torricellian  vacuum,  36  inches  lonj^ 
convey  as  much  air  as  will  fill  two  inches  only  of 
the  exhaufted  tube  if  it  were  inverted  in  water; 
this  quantity  of  air  will  afford  refinance  enough  to 
condenfe  the  fluid  as  it  pafTes  through  the  tube  into 
a  fpark,  38  inches  in  length.  The  brilliancy  of 
the  fpark  in  condenfed  air,  in  water,  and  in  all  fub- 
ftances  through  which  it  paflTcs  with  difficulty,  de- 
pends on  principles  fimiiar  to  thofe  which  account 
for  the  preceding  fadls. 

In  the  appearances  of  eleSlricitv,  as  v.^ell 
as  in  thofe  of  bnrnui^  bodies,  there  are  cafes  in 
which  all  the  rijys  of  li^ht  do  not  efcape :  and  the 
mojl  refrangible  rays  are  thofe  which  efcape  jirji  ov 
mojl  eafily.  The  elcdrical  brufh  is  always  of  a  purple 
or  bluifh  hue.  If  you  convey  a  fpark  through  a  Tor- 
ricellian vacuum,  made  w  ithout  boiling  the  mercury 
in  the  tube,  the  brufh  will  difplay  the  indigo  rays. 

To  an  infulatcd  metallic  ball,  four  inches  in 
diameter,  fix  a  wire  a  foot  and  a  half  long;  this 
wire  fliould  terminate  in  four  ramifications,  each  of 
which  muft  be  fixed  to  a  metallic  ball  half^an  inch 
in  diameter,  and  placed  at  an  equal  diftance  from 
a  metallic  plate,  which  muft  be  communicated  by 

metallic 
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Metallic  ccnduftors  with  the  ground.  A  powicrful 
fpark,  after  falling  on  the  large  ball  at  one  extre- 
mity of  the  wire,  will  be  divided  in  it's  palTage 
from  the  four  fmall  balls  to  the  metallic  plate. 
When  you  examine  the  divifion  of  the  fluid  in  a 
^ark  room,  you  will  difcover  fome  little  ramifica^ 
ticns,  which  will  yield  the  indigo  rays  only :  indeed 
ac  the  edges  of  all  weak  fparks,  the  fame  purple  ap- 
pearance may  be  difcovered.  You  may  likewife 
obferve,  that  the  nearer  you  approach  the  center  of 
the  fpark,  the  greater  is  the  brilliancy  of  it's  co- 
lour. 

The  influence  of  different  media  on  eleilrical 
lights  is  analogous  to  their  influence  on  Jolar 
ligbt,  and  will  help  us  to  account  for  fome  very 
fingular  appearances. 

Let  a  pointed  wire,  having  a  metallic  ball  fix* 
cd  to  one  end  of  it's  extremities,  be  forced  obli- 
quely into  a  piece  of  wood,  fo  as  to  make  a  fmall 
angle  with  the  furfacc  of  the  wood,  and  to  make  the 
point  lie  about  one  eighth  of  an  inch  below  the 
furfece.  Let  another  pointed  wire,  which  commu- 
nicates with  the  ground,  be  forced  in  the  fame 
manner  into  the  fame  wood,  fo  that  it's  point  like- 
wife  may  lie  about  one-eighthof  an  inch  below  the 
furface,  and  about  two  inches  diftant  from  the 
point  of  the  firft  wire.  Let  the  wood  be  infulated, 
and  a  ftrong  fpark,  which  ftrikes  on  the  metallic 
ball,  will  force  it's  piiHage  through  the  interval  of 
tvood  which  lies  between  the  points,  and  appear  as 
rsdzs  blood.  To  prove  that  this  appearance  de- 
pends on  the  wood's  abloipnoa  of  all  the  rays  but 
the  red;  when  thcfe  points  were  decpeft  below  the 
furface,  the  red  only  came  to  the  eye  through  a 
prifni  ;  when  thry  were  raifec]  a  little  nearer  tlie 
furface,  the  ;*•/  anvj  orjtr^e  appeared  ;  when  nearer 
ftill,  the    vrV^•v;  and   loon,    till,    by  luaking  the 

fpark 
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i^ikptft  thrcnigh  the  ^^ood  very  near  ir$furficC|^ 
«l  dw  nyt  were  at  length  able  to  remch  the  eye. 
V  "Fiwious  to  the  difcoverics  that  havtl 
made  in  modem times^  relative  to  the  chemkald- 
4^€tM  of  iig^btf,  {omt  matbemaiicaipbr/q/hpkers  difpe* 
red  it's  exiftenceat  a  particular  nuid.  and  evenr^ 
of  )Frif  itfelf;  they  crudely  imaginedj  that  the 
nomena  of  light  and  heat  were  only  particular 
dificationt  p?  the  fubilances,  in  which  thtjt\ 
paired s  a  Itind  of  t^^m/i^^  of  their  particles^ 
-mttted  by  meant  of  a  medium^  as  in  the  c^eol 
Ibtmdft.** 

••They  applied  the  marhematics  to  thii  hypoi 
tbefiSy  in  order  to  explain  fome  particular  pheoo- 
*mena;  and  as  every  thing  that  appears  to  bedc 
duced  from  mMtbematkai  tb^otfrns^  eafily  fcducef 
cbofe  who  do  not  apply  themfelves  to  exanfiine^j/j^ 
•this  /A^ry,  which  cfFedtuaily  barud  the  road  to  the 
moft  important  phyfical  refearches,  met  with  maaj 
-partizans :  but  cbemiftry  and  miieorolagy  have  now 
come  in  to  terminate  the  controverfy  i  and  that 
arc  at  prefent  very  few  philofophers  who  do  not 
agree,  that  lucidity  and  beat  arc  the  eftei^s  of  two 
fluids,  namely,  light  and/r^,  which  produce  tho(e 
particular  phenomena  whenever  they  ar^^  ai  iiberiji 
but  which  at  the  fame  time  may  be  fo  combined 
with  other  fubftanccs,  as  to  V\t  hidden  in  thcm^ 
without  producing  thefe  eiTeds,  till  again  iet  atli* 
berty.  By  an  attention  to  thefe  great  agents^  the 
iludy  of  nature  has  proceeded  with  rapidity^  and 
the  prefent  aera  will  probably  on  this  account  be 
as  much  celebrated  in  the  hiftory  offcience»  ai 
thofe  in  which  Pafcal  denaonihrated  the  preJfHre^; 
the  /ar  on  bodies,  and  in  which  Newton  diSco^ 
ed  the  principle  of  gravity.*' 

''Our  progrefs  in  the  knowledge  of  the  or^ 
of  bodies,  has  been  much  advanced  inthisage^fiu 
chcmifts  and  philofophers  have  begun  to  exam 
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their  volatile  produfls^  in  other  words,  the  elajlic 
fluids  :  but  this  would  have  been  doing  but  little, 
had  not  the  advances  in  other  branches  of  natural 
knowledge  led  them  to  difcovcr,  that  the  pheno- 
menon of  heat  proceeded  from  a  particular  /ub-^ 
fiance  fufceptible  of  chemical  affinities^  namely,  /rr, 
the  immediate  caufe  of  heat.  Here  then  is  a  ful?^ 
9ance  of  the  highefl  importance  in  the  compofition 
of  bodies^  which  neverthelefs  efcaped  the  attention 
of  philosophers,  while  they  only  eftimated  and  ex- 
prefled  the  amount  of  their  produils  by  their 
u^eigbts.  Is  it  poflible  for  any  one  to  fuppofe,  that 
we  have  hereby  difcovered  all  the  imponderable  iub-- 
fiances  that  enter  into  the  compofition  of  natural 
bodies  V' 

Ought  we  to  neglcdt  the  phenomena  of  luci^ 
dity%  while  every  thing  announces  to  us  that  light  is 
a  chemical  fubftancc  ?  This  negleft  is  fcarcely  now 
to  be  apprehended,  as  philofophers  are  aware  that 
great  fi^emical  effcdls  may  be  produced  by  impon^ 
derahle  fubftances.  The  phofpboric  phenomena  of 
certain  mineral  fubftances  indicate  clearly  that 
light  enters  as  an  ingredient  in  their  compofition. 
Wilfon  and  Beccaria  have  fliewn,  that  every  fub- 
fiance  in  nature  is  more  or  Icfs  phofphorical  ;  and 
you  have  juflfecn,  that  there  is  fcarcc  any  fubflance 
but  what  you  may  render  luminous  by  feparating 
it's  cleftric  powers. 

The  relation  of  thcfc  two  imponderable  fub^ 
fiances,  whofe  exiftence  is  now  cftablifhcd  beyond  -i 
doubt,  is  fuch  as  jn  many  other  inllanccs  is  found  to 
.fubfift  between  fuch  fublhinccs  as  enter  into  the 
compofition  the  one  of  the  other.  Light  frequently 
does  not  fenlibly  act  othcrwifc  than  as  the  ciiule  ut 
lucidity,  or  of  luhiinous  phenomena  ;  and  ,^:'>r  in  the 
fame  manner,  only  as  the  cauie  of  hejt:  but  at 
other  times  lire,  in  producing  beat,  produces  aUb 
in  the  end    it's   lurninoHs  cil'ects;  and  in  fomc  cir- 
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cumftanccft  light,  in  iriakifjg  %}ijihte  the  objcdi,  b 
it's  reflexion  contributes  to  produce  beat,  TMe 
l^qnomena  clearly  indicate,  that  one  of  ihcfe  £*• 
mnces  contains  the  other,  bue  that  under  tttm 
circumftancet  it  may  be  fo  decornpofed,  u  n 
permit  either  of  thtm  to  excrcifc  it's  own 
culiarproperties. 

Tne  rooft  excfelltnt  Bocrhaave,  in   his 
lis  of  ^^,  hasfocfcirly  eftabliflicJ  the  vm 
lity  and  importance  of  this  clement,  and  Jb 
pcd  itof  the  myftic  drcfs,  in  which   it  was  m 
Toped  before  his  time»  chat  one  would    have 

S'titA  it  fcarce  poffible  for  philofophers  to  have 
Ivedfomany  of  it's  fubtil  effects  to  ocetttt  mj 
ctfitl  properties ;  yet  that  fuch  has  been  the  cifc> 
evident  from  the  flighted  infpedion   of 
theories.     Again,  though  the  moft  obvious  ^ 
menain  nature, -and  numerous  cjfpcriments,  ltd] 
to  afcertain  beyond  all  doubt,  that  the  matter  d 
common  light  or  fire  pervades;  alt  nature^  zndUk 
all  things;   yet,  as   1  have  before   obfened,  At 
whole  has  been  overlooked  aa  an  accidental  fihn- 
tion  that  implied  no  confcquences,  nor  inierfcnJ 
with  the  various  unintelligible  properties  of  bo- 
dies, notwithftanding  it's  accefs  to  their  innomiol 
penetralia. 

It  is  evident,  that  the  natural  omnipotence  d 
l^ht  depends  on  cheyii/i;  by  him,  in  a  natMfd 
fenfe^  the  matter  of  fire,  as  his  iflucj  i^  omnipre- 
fent,  and  alUfufficient,  If  the  life  of  all  thinp 
depends  on  the  adkivity  he  cominnnicates  to  thoi^ 
is  it  nbt  probable  that  it  is  the  influence  of  the  fo- 
lar  fluid,  that  generates  and  maintains  that  lifeVis 
all  ifs  fpccific  charatl^rs^  in  every  being  accordUJ 
ing  to  it's  kind  ?   And  that  life,  ^  hether  It  be  «^ 

Setable  or  animal,  is  fuchas  it  is  according  tt 
:ate  of  the  fire  in  it ;  and  that  every  dc^  thin, 
only  fo,  becaufe  it's  6re  is  quenched?    "j^'to-j 
-  ■-  -  •  cieit; 
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ient  philofophers  affirmed,  that  the  light  of  the 
in,  which  gave  life  and  motion  to  all  things^  muffc 
in  all  things  i  they  therefore  conceived  aU 
lings  to  be  replete  with  this  fluid* 

Is  it  not  highly  probable,  then^*  that  this  ter- 
tqueous  globe  is  only  an  accumulation  of  marc- 
els incroduced  into  the  boundlefs  ocean  of  folar 
liid  for  a  theatre  on  which,  under  the  di region 
id  guidance  of  Almighty  God^  it  may  difplay 
•s  inexhauftible  energy  and  powers  ;  the  terref- 
•ial  mafs  being  fo  difpolcd  and  arranged  by  it's 
Divine  Author^  as  to  become  a  feminal  bed  of 
laterials,  where  ligbf  and  fire  may  pierce^  animate^ 
nd  difplay  an  endlef*  variety  and  fuccedion  of  be- 
m^  ?  This  fluid  extricates  all  the  forms,  and  ge- 
craEesall  the  powers  of  nature^  out  of  the  mate- 


lals  provided  for  it  to  poffefs- 
It  is  impofflble 


e  to  form  any  clear  or  dilHnsft 

3ea  of  the  agency  of  the  fokr  fluid  in  the  air,  in 

nimals,  in  vegetables,  &C-  without  confidering  it 

irfl  more  in  general  i  nor  can  you  properly  have  a 

lew  of  the  univcrfal  agency  of  the  element  pro- 

li<Sive  of  /iVf J  Ugbt^  and  W^^riViVj,  and  it'simpor- 

ance  to  the  animal  frame,  unlcfy  you  take  an  en- 

arged  profpeil:  of  it's  adion*    Bclides,  knowledge 

►ften  makes  more  rapid  advances,  by  reafoning  up- 

in    knozvn  fd^s^  than   by  difcovering  mw  ones^ 

irhich  by  their  novelty  too  often  lead  to  bafly  an* 

tigejled  theories-     In  the  difquifition   upon  thefe 

luids,  1  have   always  an  eye  upon  the  dodrinc  of 

:ledricity ;  and  the  preceding  as  well  as  following 

Experiments    all  concur  in  fiiewing  the  analogy 

ihat  runs  through  nature  ;  and  you  will   find  that 

Clcdncity,  though  not  in  name,  has  been  thedoC' 

irine  of  all  ages,     I   flull  therefore   continue   to 

Ircat   of  thefe  wonderful  fluids*     Of  all  that  arc 
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known  in  the  univerfe,  the  mobility  of  the 
matter  of  light  is  the  greatcfl:.  There  is  not 
the  fmallefl:  fpeck  of  colour  iii  the  beams  of 
the  fun,  that  docs  not  obediently  receive  perpe- 
tual imprelTions  from  him  in  all  lineal  diitc- 
tions,  by  night  as  well  as  by  day.  The/u^,  as  tke 
fountain  of  motion,  is  alfo  continually  a^italitg 
this  fluid  cither  radially,  or  obliquely,  by  the  late- 
ral (hocks  and  friction  of  the  radii  upon  thofc 
parts  of  the  fluid  that  lie  out  of  the  line  of  the 
fun's  irradiation  ;  thefc,  together  with  the  conflant 
viciflltudcs  of  day  and  night,  prcfervc  a  conftani 
motion  in  all  it's  internal  parts. 

But  even  this  is  inadequate  to  convey  to  you 
a  juft  idea  of  the  conflant,  pofitive,  inienfe  energfi 
from  the  a(5livity  of  the  matter  of  light.  Of  this]fOtt 
will  form  a  better  idea,  by  examining  the  mode  of 
it's  adion  in  the  interior  parts  of  the  moft  rigid  and 
folid  bodies.  For  in  the  moft  fecrct  receflcs  of  the 
moft  folid  ard  pafTive  fubftances,  the  matter  of  light 
is  fo  far  from  cxifling  in  an  indolent  quiefcent  date, 
that  it  is  impoflible  to  form  an  adequate  idea  of //*^ 
incejfant  and  aflive  energy^  under  thefe  circum- 
ftaiices.  Yet  this  ftate  of  bodies  is  but  little 
thought  of  by  philofophers  in  their  refearches  in- 
to it's  properties,  cither  common  or  fpccial;  which 
I  ftiall  illuftrate,  by  conlider-ing  the  cafes  of  fono* 
rous  bodies,  and  the  phenomenon  of  hammering 
cold  iron,  red-hot. 

If  this  fluid  refidcd  within  bodies,  in  an  in- 
dolent and  paifive  flate,  it  could  exert  no  rcluAa^ 
tion  on  any  mechanical  force,  difturbing  it's  paf*- 
live  occupation  within  bodies;  whereas,  in  fad> 
it's  natural  ftatc  i:*  never  diflurbcd  without  an  ac^- 
live  irritation  being  excited  in  the  fluid,  to  reco- 
ver and  repollrfs  it's  organical  and  interftitial  inr- 
hercncy,  greater  than  that  by  v/hich  it  was  cxpe^ 
led  :  it  leiunis;  \>iih  a  lorce  not  barely  fuflicicnft^ 

recover 
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^^covcr  the  dini^nfions  it  occupied  within  bodies, 
^mt  wijth  a  violence  cupablc  of  expanding  them  as 
*^xuch  beyond  their  natural  iizr  as  the  external  blow 
^^r  concuflion  tended  to  cornprcfs  them  within  it : 
*^t3Qcc  a  vibratory  colkidation  takes  place  between 
^lut  adioh  which  prcfcrves  bodies  in  their  natural 
^^^lafis,  and  the  rapiu  r'.-tiirns  of  the  fluid  to  it's  na- 
tural itate;    thefe  vibrations  continue   for  a  time, 
^fid  die  away  imperceptibly. 

This  intenfe  agitation,  excited  by  thecollifion 
^^)f  bodies,  is  not  Cvinliiied  to  their  points  of  con- 
<a£t,  but  pervades  theii*  whole  (ubllance,  and  ofciU 
lates  in  ev^ry  part.  This  is  demonllrated  to  the 
eye  and  car,  when  a  mufical  chord  is  ftjuck.  You 
have  fpecimens  alfo  of  it,  in  all  elaftic  fonorous  bo- 
dies. When  a  bell  is  ftruck,  the  found  continues 
labouring  in  the  ear  i'or  a  confidcrabic  time  after- 
1%'ards ;  nor  is  the  tumult  fublided,  when  our  fenfc 
of  it  fails ;  it  pafTes  through  a  gradual  decay  bel- 
low the  ftandard  of  fenfe. 

Sufpend  an  iron  poker  from  the  head,  by  the 
teeth,  and  the  irondifcovers  no  great  degree  of  any 
ibnorous  quality;  yet  if  it  be  ftruck,  you  will  have 
a  very  llriking  fenfation  of  the  vibratory  motion 
it*s  whole  fubftancc  conceives  from  the  ftroke,  by 
the  teeth's  tranfmillion  of  their  feeling  to  the 
ear. 

Pbyficians  talk  of  the  irritaLiliiy  of  our  iier^ 
z;ous  fyficniy  as  a  very  myllcrious  and  wonderful 
phenomenon  ;  but  there  are  more  llriking  exam- 
ples of  this  irritability  in  the  moll  rigid  dead  fiib- 
ftances.  Subllances,  fuch  as  glafs,  hcH  mcral,  6i:c. 
which  are  fo  rigid  that  few  inllriinunrs  will  make 
an  impreflion  on  them,  yet  arc  capal^le  of  be- 
ing agitated  through  every  atom  of  their  fub- 
ftance;  nay  in  fome  cafes  to  be  biirlt  in  pieces  by 
the  imprciTion  of  certain  founds.  A  wineglais 
uill  burft  in  pieces  by  the  action  excited   through 

Dd3  ii'o 
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,  jt'sfubtlanceby  certain  tones  of  voice:  colutnmof 
'  marble  or  porphyry  are  tremulous  tJO  ibundcr  a- 
[  ftofions^  and  certain  tone$  of  an  organ. 

This  exceffive  mobility  of  parts  throughout 

I  chc  whole  fubHance  of  themoft  rigid  bodtcsi  clear- 

)  ly  implies  a  great  iurgency  of  ibeir  Juhfann  wA 

Jovie  very  a fiive  fluids  fo  that  a  fmall  incrcafe  of  it'f 

a(flion  is  ready  xo  burft  them  in  pieces,  A  llightrt- 

^ftance   to   the  internal  agitation  of  a  bell,  wil) 

caufe  it  to  crack. 

Now  it  is  impoflfible  to  conceive,  that  fuch  t 
I  tremulous  motion  fhould  be  produced  through  the 
whole  continuity  of  fuch  hard  bodies,  unlefs  they 
'  coatained  in  thcmfclves  fome  inconceivably  aBivi 
element^  exerting  a  conftant  nifus  to  force  their 
parts  to  as  great  a  diflance  from  each  other  as  pot 
fiblc,  and  barely  coynteradcd  by  the  power  thil 
paintains  their  cohefion. 

The  fymptoms  of  this  reftUJs  aHivity  wiibto 
folid  bodies,  arc  not  confined  to  fuch  as  are  com- 
monly called  elaftic.  Thus  iron  yields  rnorc  ftrik- 
ing  proofs  of  this  latent  aftive  principle,  than  any 
fubftance  of  greater  elafticity  than  itfelf,  and  thin 
difclofes  to  our  fcnliblc  convidion,  precifely  uhll 
that  principle  or  reftlcfs  element  is,  that  eKCffi 
it's  energy  To  powerfully  within  all  terreftrial  U^* 
dies. 

For  the  power  within  bodies,  that  fuftains  and 

preferves  their  form,  is  not  a  pijjjive  power*     Itii 

,  k  pofitivc  re-aCtion  to   the  approach  of  the  parts 

of  the  body.     The  laiv  of  rc-aftion  being  equal  K> 

aiflion/  refidcs  ultimately  in  the  conftitution  of  this 

powei'ful  fluid  medium.     Whenever  the  fpac&it 

'  occupies  within  the  furface  of  bodies   arc  prcflcd 

nearer  one  another  by  any  fudden   (hock  or  coUi- 

fion,  and  cbnfequently  this  medium  be  for  an  in- 

Ilant  driven  out,  the  next  inllant  it  returns  with 

violence,  not  enough  to  regain  it's  place  in  the  bo* 

,  ^  '  dy, 
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',  but  equti  to  that  with  which  it  was  cjcftcd ; 
d  therefore  in  returning,  it  dilates  it's  fpaces  as 
uch  beyond  their  fizes,  as  they  were  coxnprefied 
low  their  natural  itandard  by  their  collifion;  by 
lich  means,  a  temporary  ofcillation  is  excited  bes* 
een  the  efforts  of  that  power,  which  circum- 
ibes  bodies,  and  binds  them  to  their  natural 
e«,  and  the  internal  medium,  which  was  irri* 
:ed  by  the  llroke,  to  zA  with  a  force  equal 
?reto. 

If  the  ftrokes,  which  difpoflefs  this  fluid  of 
t  fpaces  it  naturally  obtains  within  bodies,  arc 
ickly  and  fuccelTively  renewed,  before  the  col- 
lations raifcd  by  the  former  ones  have  fub- 
:cd,  the  internal  agitation  may  thereby  foon  be 
fed  to  Aich  a  height,  as  to  break  forth  and  mani^ 
l  itfcif  in  the  form  of  actual  fire. 

Every  material  being  through  all  the  forms  of 
ture«  is  a  compolirion  of  this  celeftial  fluid  and 
Teftrial  matter ;  you  will  find  the  diAribution  of 
\ierial  fubjtances  into  thefe  two  clajjrs  to  be  the 
il  key  CO  all  natural  knowledge;  it  not  only  dif- 
iguifhes  this  globe  from  the  celellial  fluid  in 
lich  it  fwims,  but  is  to  be  applied  to  every  indi- 
lual  terreftrial  fubftance ;  which  muft  be  confi- 
red,  if  you  would  comprehend  the  phenomena  of 
ture,  as  an  intimate  compofition  of  thefe  two 
ments ;  the  latter  being  the  organ  or  cafe  tothc 
ergy  of  the  former,  and  the  modifier  of  it's  incef- 
it  activities,  while  the  former  is  the  medium  ufed 
mind  to  imprcfs  thofe  chara(5ters  on  the  latter, 
lich  are  known  as  the  diftinguilhing  properties 
different  bodies.  ' 

This  fluid,  accordinf;  to  the  variety  of  thephe- 
mena  by  which  it's  energy  has  been  difcovered 
us,  has  been  called  under  dirt'crenr  circumltances 
fc/,  fire^  ele^iriciiy^  materia  Jubtilis^  materia 
dia,  i£c.  j  whcr  times  it  has  been  diverted 
'    d  4  of 
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of  It's  materiality,  and  been  confldered  tncrdjr 
a  principle  annexed  to  or  inherent  in  mattef,  widcr^ 
the  terms  of  occuU  quality^  mfus^  aiiraffim,  ikim 
mttraeiott,  elafiidty^  irrituhiliiy^  Jiimutm^fjmpiv, 
vital  principle^  li/e,  &c.  &c* 

This  mvifible  fire  is  ever  readf  to  eim  ast 
ihew  itfelf  in  it's  effeds,  chcriftiing,  heating,  fa» 
msnting,  diflblving^  fhining,  and  operating  in\v 
rious  manners^  according  to  the  fubjedl^r  uhich  m^ 
ploy  and  determine  it*s  force.  It  is  prcfcnt  m 
parts  of  the  earth  and  fintiament»  though  in  i^ 
cafes  latent  and  unobferved^  till  fomc  occallonpnK 
duces  it  in  z&,  and  renders  it's  effed^  vifibk;  k 
exidsin  ourconftitution>«and  indeed  in  every  form 
in  nature  in  two  modes,  interftitially  and  organs 
cally.  If  the  pores  of  gold  (which  isonepftl}^ 
denied  known  fubftancesj  exceed  it's  foltd  or  anh- 
If  parts,  how  much  greater  muft  the  proportion  of 
s  folar  fluid  be  in  our  frame  than  in  that  of  gptd  1  To 
illuftrate  this,  I  Ihall  refer  to  the  elcmoit  d 
water. 

Now  water,  by  it's  tranfparency^  certificiio 
your  fenfcs  that  light  has  free  accefs  into  and  thm^ 
it's  fubftance;  and  it  probably  fills  up  it's  inter* 
ftices,  as  water  does  a  fpunge  when  foakedinit 
But  we  know  further  by  the  fluidity  and  ihcvol^ 
tilifation  of  water,  that  the  matter  of  light  orfe 
has  not  only  accefs  to  it's  interftices,  but  penctratci 
and  occupies  it's  iimilar  elementary  particles;  for 
thefe  particles  could  not  be  rendered  volatile,  bat 
by  internal  dilatation,  nor  could  they  be  dilatd, 
but  by  fomething  that  reached  their  imcrmi 
parts,  ^ 

Thefe  particles  then  are  the  organical  ptrBfll 
water,  which  have  their  indiyiduahiy  as  feparahk 
elementary  j^arts,  as  well  as  their  limilarity  <ildl 
radter,  preferved  by  that  ctherial  principle  ^ 
pofieffes  them. 
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Thcfe  points  being  cleared,  you  will  now  have 
aui  obvious  folution  of  the  difHculties. which  have 
attended  the  quellion.  What  is  the  principle  of  na« 
tural  life  ?  Modern  pbx/iology  has  indeed  bewildered 
the  conception  of  it's  pupils,  by  not  diftinguilhing 
between  the  term  ///>,  ufed  metapbyfically  for 
our  fyttcm  of  confcioufnejs^  or  as  the  refult  of  our 
whole  com pofit ion  explicable  only  by  the  creator^ 
and  the  fame  term  life^  ufed  pby/i cully  to  denote  the 
jM/«r^/p0ic^r  that  preiides  in  reciprocally  regulating, 
and  being  regulated  by  the  mechanifm  and  difpo- 
fition  of  the  whole,  and  of  every  part  and  particle 
of  our  corporeal  frame. 

It  is  by  the  unremitting  reciprocal  corrufca- 
tions  of  this  vital  principle  in  the  iiuidsand  folids^ 
according  to  the  different  qualities  and  confiften- 
cies  they  affume  in  different  parts  of  our  conftitu- 
tion>  that  the  whole  fyftcm  of  life  is  difplayed  and 
maintained  in  cvtry  individual.  Light  is  not  more 
inftantaneoufly  difpatchcd  by  reflexion  from  a 
mirror,  or  by  that  power  which  every  point  of  the 
air  has  of  retlcding  lightning,  than  that  with  which 
the  fame  fluid,  under  the  charaQcr  and  modification 
of  the  vital  principle,  acts  from  place  to  place  in  the 
human  frame. 

For  the  moment  of  zvill'ing,  and   moving  any 

member  is,  undiftinguifliably  the  fame;  fo  likewife 

the  moment  of  being  touched,  and  the  touch  being 

felt.     But  thefe  inftantancous  tranfmiflions  in  our 

frame,  are  not  confined  to  fuch  as  we  have  a  con- 

fcious  perception  of:  they  arc  inceffantly  tranfadt- 

ing;    the  rcinottft  vibrating  artery  correfponding 

with  the  heart,  does  not  more  immediately  and  con- 

ftantly  feel  it's  power,  than  the  material  principle 

of  vitality  through  it's   whole  form   in  our   flruc- 

turc,  feels  the  ^m^anent    influence  of  it's    own 

power  concent  ^irradiating  from  the  bruin, 

the  nerves  bei)  f  of  the  various  inteija^ 

e4 
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9d  mm  9f  the,  powits  $/  naturMl  Up,  This  tnw 
ffing  ^enmil,  ixxwpjfii^  and  organiftng  creiy  p* 
tide  and  imtrftioe  in  o«jr  compofition^  can  dtf* 
cluuige  fC%  wlv»le  mfos  according  to  the  pathie  » 
tfwMition  and  dirftf^ion  of  SLtiy  nenre  or  n€jvt%,  ts 
inftaiidjrw  tltihieity  docs  through  the  liibl 
the  bcKlf  chftt  leceivM  the  ftiack. 

When  you  confidor  the  t^riffing^mS 
force  of  this  element^  iy^hich  is.  capable  in  an  m 
fiaat  of  time  co  produce  the  greateft  and  moft  ft8«; 
pepdoiit  ttft&^  you  have  a  full  proof  not  0%  it' 
ihe  power  of  fire>  iut  alfi  «/  the  wi/d^m  wiib  wMA 
it  is  managed,  and  withheld  fram  borfttng  forth  n 
tbe  mter  ravage  and  deftrudion  of  all  things  1  aal 
jc  is  mry  remarkable,  that  this  fame  elcmcnc,  fo 
Juru  and  deftruOive^  fhould  fct  be  fo  variooAf 
f eiipeicdj  and  applied  b^  Divine  Providence,  as  b» 
be  the  gemial  and  cherift^mg  ftmme  of  all  m£md 
iife.  ^    '^'^ 

So  bright  and  lively  are  the  fignatuffaift 
j>iviMB  MIND  operating  and  difplaying  itfelf  il 
fire  and  light  throughout  the  M^orld,  that«  as  Aiilt 
totle  obferves^  '*  all  things  feem  full  of  divinitio^ 
^hofe  apparitions  on  all  fidei  ftrike  and  dazzle  our 
jcyes/*  And  indeed  the  wifcft  men  of  antiquity, 
how  much  foever  they  attributed  to  fecond  caufes, 
and  the  force  of  fire,  yet  fuppofcd  it  always  to  be 

governed  by  a  mind  or  intelUil  adive  aflii  pfofi* 
ent,  reftraining  it's  fofce^  and  direding  it's  opd* 
lations.  ^ 

The  drder  and  courfc  of  things,  together  will 
what  we  daily  experience^  fully  proves  that  that 
IS  a  ufimd  that  governs  and  aduates  this  mundflao 
iyftem,  as  the  proper  real  agent  and  caufc,  and  ihiL 
the  inferior  inftrumenial  caufe  is  pure  etber^  JMH 
or  the  fubitance  of  lights  which  is  applied  and  ^" 
termined  by  an  infinite  mind  in  the   maer$c^ 
univerfe  with  unlimited  power^  and  acccfdJ> 
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ftated  rules^  as  it  is  in  the  microcofm  with  limited 
power  and  (kill  by  the  human  mind.  There  is  no 
Proof  from  reafon^  or  experiment  ^  of  any  other  agent 
or  efficient  catife  than  mind  or  spirit.  When  I 
Ipeak  therefore  of  corporeal  agents,  or  corporeal 
.caufeSf  you  are  to  undcrftand  them  as  ufed  in  a 
(different,  (libordinate,  and  improper  fenfc. 

The  principles^  whereof  a  thing  is  compound* 
^f  the  indrument  ufed  in  it's  produdlion,  and  the 
jend  for  which  it  was  defigned,  are  all  in  vulgar 
ufc  termed  caufes,  though  none  of  them  be,  ftrictlT 
jGpeaking,  agent  or  efficient.  Therefore  when  I 
ipeak  of  the  element  of  fire  as  ailing,  it  is  to  be  un-- 
^erftooi  only  as  a  mean  or  inftrument,  which  is  in* 
jdccd  the  cafe  of  all  mechanical  caufes  whatfoever. 
They  are  neverthclefs  fometimes  ternr^ed  agents,  or 
caufes,  although  by  no  means  oBive,  in  a  Arid  and 
proper  (ignification  :  when  therefore /(?r^^,  ^^tyrr, 
virtue,  or  aEtion,  are  mentioned  as  fubfifting  in 
«n  extended,  corporeal,  or  mechanical  being, 
chefe  terms  are  not  to  be  taken  in  a  true^  genuine^ 
real,  but  only  in  a  grofs  and  popular  fenfe,  which 
fticks  in  appearances,  and  does  not  analyfe  things 
CO  their  firft  principles.  In  compliance  with 
cftabliihed  language,  and  the  ufe  of  the  world, 
we  muft  employ  the  current  phrafes ;  but  for 
the  fake  of  truths  we  (hould  diilinguifh  their 
meaning.* 

What  I  have  here,  as  well  as  in  my  former 
Le&ures,  laid  before  you,  concur  in  proving,  (nay 
all  nature  gives  teftimony  thereto,)  *•  that  the  fluid 
ctherial  matter  of  the  heavens  ads  by  impulfe  on 
the  folid  matter  of  the  earth;  is  inftrumental  in 
every  one  of  it's  produ<5tions,  and  necefTary  to  all 
the  ilated  phenomena  ^  nature.  The  elements 
may  then  be  divided  i^  v  and  paffive ;  not  that 

,fhcy  arc  fuch  by  any  f^  '  effential  difference, 

but 


•fi* 
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but  chat,  according  to  thi  order  tiftablifted  bf  All 
Divine  Architect,  theyMic  dbfcnred  -IP  MttA 

imder  fuch  relations/^*  •  .J^j 

Ot  Akimai  E^ectre ctry/. :  :  V  kiijl 

I  iball  here  introduce  you  ti^/Aie  ttafbnfri 
experiments,  Avhich  induced /JDlr.  Sl^lAiHAte 
adopt  ele&ricitjT,  as  the  prhicipleof  vM:M(r 
moaon^in  1755;  and  then  (hew  how  ftr  hisfpifl 
fcas  been  confirmed  by  fubfequcnrinlbnMiioiL 

A  mufcle  put  into  motion  bjr  the  wUL  «^^ 
yet  be  more  acfluated  by  a  farther  extcnfion  of  vdii^ 
tion^  as  from  walking,  to  running;  by  this  opauaai^ 
of  the  mind,  there  is  more  of  the  vital  fire  deleft 
mined  to  the  mufcles  employed  in  thble  aSfiflVir 
mufcles  are  alfo  brought  into  adion^  by  tike  in 
from  the  eledric  machine,  and  palficd  limbs  km 
been  rendered  plump  by  the  fame  machine,  and  s 
power  of  motion  and  adtion  reftored  to  thofc  whoft 
palfies  have  not  been  of  a  long  (landing,  and  whick 
do  not  take  their  fource  from  the  fpinal  marrow. 
This  offers  a  convincing  proof,  that  vital  iire  is 
the  caufe  of  muicular  motion,  and  that  this  viol 
lire  is  of  the  fame  kind  with  that  produced  by  our 
rledlrical  machines^ 

After  fo  many  experiments  on  the  eletfricd 
fluid,  and  after  the  difcovcry  of  fo  many  pheno- 
mena, which  are  no  ways  to  be  dillinguifhed  from 
thofe  of  fire^  it  will  fcarce  be  any  longer  difputcd^ 
that  they  are  the  fame  in  their  own  nature.  Nor 
will  any  one,  I  prefume,  after  the  fire  put  in  ac* 
tion  in  cledlrical  experiments,  has  been  pcrcei^ 
by  all  our  fenfes,  fuppofe  that  there  can  " 
l-eality  Tn  it,  than  in  earth,  air,  water^ 
whofe  reality  with  refpedl  to  mankind 


*  Jones's  Eflay  on  the  Firft  Principles  of  Phil 
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riic  evidence  of  thofe  very  fenfes.  Eleftricity  com- 
municaces  ideas  to  every  fenfe  ;  it  is  light  to  the 
eye,  odour  to  the  no(e«  Aroke  to  the  touch,  fub* 
acid  to  the  tade. 

If  you  apply  heat,  cither  by  means  of  water,  or 
any  other  method,  to  the  heart  of  a  viper  or  of  an 
cci  taken  from  the  body  of  thofc  animals,  it  will 
agrain  begin  to  vibrate.  Now  beat  is  fire  in  adlion, 
and  thus  you  fee  the  fame  eftedl  is  produced,  as 
ivas  cfFciftcd  in  the  palficd  limb. 

The  reafon  why  the  hearts  of  vipers,  and 
€cls,  and  fuch  like  animals,  arc  put  into  motion 
by  a  power  of  the  fame  nature,  though  in  a  lefs 
degree  than  that  which  moves  the  hearts  of  larger 
animals,  is,  becaufc  they  are  extremely  cold  by 
nature,  and  therefore  a  lefs  degree  of  fire  aftuates 
on  their  heart  than  on  rhgfe  of_  larger  animals.  It 
is  not  improbable^,  that  the  Time  degree  of  heat, 
which  is  neceirary  to  keep  a  fowl  alive,  would  de- 
itroy  a  frog  or  viper,  and  burll  the  cells  of  the  tu- 
nica cellularis.  After  the  heart  of  a  viper  has 
difcontinued  to  beat  with  the  application  of  any 
certain  degree  of  heat,  it  will  vibrate  again  on  the 
application  of  a  fuperior  degree. 

The  heart,  which  in  the  open  air  had  ccafed 
to  move  with  a  certain  degree  of  heat,  will  vibrate 
again  in  vacuo  with  the  fame  degree ;  for  the  pref- 
fure  of  the  atmofphcre  being  removed,  a  lefs 
power  is  required  to  dillcnd  the  fibres. 

Dr.  Shebbearc  took  tlic  heart  of  an  eeJ^ 
which  had  bccnfomc  time  dead,  and  placing  it  on 
a  card,  put  it  on  the  ^  onJuclor  ;  the  firft  motion 
chat  was  convmiini cared  to  it,  was  i towelling,  or 
xhediaftole  of  the  veairidcs,  whichjpl^tng  im- 
mediately foUowflJi  hv  the  contrail'  fyftole, 
•he  took  the  -  «'ht^  hich 
it  contra '  the 
applic  XI 
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having  repeated  it  feveraf  ttmn^  the  heart  ewd- 
nued  to  perform  it*s  diaflolc  and  fyftole,  nichms 
being  toached ;  and  when  it  wai  removed  it  ccafi^ 
but  began  again  upon  being  placed  on  the  bat. 

Lord  Bacon  has  given  us  a  very  remarhbk 
ix\^ance  of  the  effe£t  of  fire  upon  the  hunoD 
heart.  He  fays,  "  that  upon  the  ennbawelling  of 
a  criminal,  be  had  /een  the  heart  of  a  inan»  after  k 
wa9  thrown  into  the  fire,  leap  up  for  feveral  timtt 
together,  at  firit  to  the  height  of  a  foot  and  a  b^ 
and  then  gradually  lower,  to  the  beft  of  his  memo* 
ry,  for  the  fpace  of  feven  or  eight  minutes/' 

Trace  vital  heat  and  motion  from  their  fource, 
and  you  will  find  thefe  phenomena  dill  more  clear- 
ly illullrated.  An  egg,  though  it  include  all  the 
parts  necciTary  for  the  formation  of  an  animali 
will  never  produce  a  chicken,  unlefs  it  is  kept  in 
a  certain  degree  of  heat  for  a  certain  time ;  which 
heat,  regularly  condu6ted,  is  all  that  is  neceirar}'to 
the  produdlion  of  an  animal  fimilar  to  the  pa- 
rent. 

That  there  is  nothing  more  ncceflary  to  the 
producing  this  animal  from  an  eg^^^  than  commw 
fire,  has  been  long  known  and  pra^tifed  in  Egypt, 
and  demonllrated  by  Mr.  Reaumur.  There  is  no 
other  vital  principle  tranJikifed  from  the  hen  to  the 
embryo,  than  from  a  common  fire.  Thus  is  fire 
plainly  proved  to  be  the  firft  mover  in  the  animal 
machine,  and  is  the  only  adtivc  material  or  narural 
principle  during  it's  exiftcnce ;  and  it  is  a  principle 
abfolutely  necellary  for  the  prcfcrvation  of  health, 
and  generating  wholcfomc  fluids.  Shall  fire  be  al- 
lowed to  have  the  power  of  beginning  the  vital 
motion  in  the  womb,  or  egg,  and  Ihall  it  be  refufcd 
the  power  of  continuing  it  after  the  birth  ? 

Now,  for  many  reafons  which  will  be  feenas 
we  proceed,  it  appears  that  the  fluid  of  fire  paffcs 
by  the  nerves  to  the  brain  and  fpinal  marrow,  aod 
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from  thence  to  the  heart  for  the  fupplying  the  caufc 
ef  involuntary  motion^  and  that  a  fiifficicnt  quan- 
tity is  always  detained  there  to  go  to  the  mufcles  at 
particular  times  for  the  performing  voluntary 
motion. 

This  fire  (the  reality  of  whofe  exiftencc  is 
proved  by  all  the  demonjlrations  which  can  attend 
the  proof  of  any  exiftcnce,  and  whofc  general  pro- 
perties are  now  well  known)  is  lodged  in  the  brain, 
medulla  fpinalis,  ganglions^  and  nerves,  and  thence 
operates  on  all  the  different  parts  of  the  body. 
The  diminution  and  wafte  of  this  fire  is  continually 
fiipplied  from  the  earth. 

The  nerves,  which  are  deftined  to  the  fenfc 
of  feeling,  are  the  conduftor  of  this  fire  to  the 
brain;  while  thofc  which  are  deftined  to  motion,  arc 
the  conductors  by  which  it  is  conveyed  to  the 
miufcles.  For  a  particular  explanation  of  the  man- 
ner in  which  it  adls,  I  muft  refer  you  to  Dr.  Sheb- 
beare's  mafterly  performance. 

It  is  not  the  fluid  of  fire  alone,  that  confti- 
tutes  and  preferves  the  vital  heat  and  vital  motion ; 
but^it  muft  for  this  purpofe  be  brought  into 
a  certain  ftate  or  degree  of  aftion,  which,  in  a 
healthy  man,  amounts  to  98  of  Fahrenheit's  ther- 
mometer; and  according  to  the  degrees  of  heat 
originally  deftined  to  each  animal,  and  the  excefs 
or  decreafe  of  it,  will  be  the  ftate  of  it*s  a<ftivity 
ami  health. 

Nor  is  this  confined  to  animals;  fomcthing  of 
the  feme  kind  feems  to  take  place  in  vegetables. 
The  heat  which  produces  an  apple  to  perfection, 
would  never  bring  forth  a  pine  apple,  and  the  firs 
which  thrive  and  look  green  on  the  bieak  and  fnowy* 
hills  of  Norway,  would  periihin  the  burning  fands 
of  Barca  ;  whilft  the  fpicy  vegetables  of  the  eaft, 
which  breathe  inceffant  Iwects  amid  the  glowing 
foil  of  Arabia,  would  languifh  and  expire  vw  ttvix 
cold  cYimc  whkh  breeds  the  lofty  osik. 

1V^ 
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The  hc(t  iNrhieh  hatches  the  chicken  fmiss 
»  would  deftroy  the  whole  race  of  fithcs  if  u 
S^Aed  their  fpawii;  and  thus  the  very  fameek^ 
snentj^  which  makes  an  animal  complecc  'montiu 
grce,  and^  in  onefpeciesj  deftroy^  it'scxiftcfttia 
another  fpecies  with  the  fame  degree. 

The  degree  of  heat,  which  woold  injurciki 
life  of  afrog>  would  not  be  fufficjcnt  to  keep  the 
beart  of  a  (heep  in  ad  ion.  HeaUb  depends  oni  4c« 
gree  of  heat  which  is  natural  ta  each  ariia>alj  ami 
which  was  firft  imparted  to  it  by  that  Diviiii  b* 
TELLIOBNCE,  who  is  alone  able  to  aeluacc  and  Id- 
Ibrm,  and  who  has  furnifticd  us  with  porent? 
keep  up  this  degree^and  count eradl  and  throw  of 
a  greater,  ^ 

In  this  account  of  vital  heat  and  motion,  ihm 
ia  nothing  new  fuppofed ;  no  new  property  aflignid 
cither  to  fire  or  electricity ;  no  new  forniac  ion  given 
to  any  part  of  the  hunian  body. 

We  require  no  npore  of  the  nente  than  that  il 
exifts^  and  that  it  be  a  condut^tor  of  the  cicctne 
fluid;  which  experiment  proves,  vital  heat  arjii 
vital  motion  are  here  as  they  arc  in  nature,  begin- 
ning together,  and  continuing fu  through  life,  S^lc^ 
fire  and  the  tie  Uric  fittid  are  one  and  the  fame  vivi- 
fying principle,  aftuating  all  the  ditferent  orders *>t 
material  beings:  they  arc  fo  radically  the  fame, 
that  in  various  inftances  you  find  that  what  was 
one  becomes  the  other  ;  and  thus  facts  and  philo- 
fophy  are  united  ;  and  the  caufc  of  natural  life  aiiil 
motion  is  difcovcred  by  icafoii  and  expcricnic  Qi 
be  the  fame  with  what  our  fenfcs  inform  us  to  be 
intuitively  the  true  one.  And  pcrnuE  inc  to  tetl  voui 
that  in  general,  whenever  chc  account  given  toi'J^- 
plain  the  caufe  of  any  phenomena  in  nature,  h 
contradictory  to  the  obvious  apprchenfion  oi 
fenfes  of  a  plain  under  landing,  there  '\%  reafon 
fufpecit  it;'s  truth.     That  to  the  agency  of  fine 
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inimal  motion  and  animal  heat  are  owing,  is  ob- 
krious  to  the  meaneft  capacity ;  and  if  this  element 
:eafe  to  adl,  or  if  it  be  difunited  from  the  body, 
leath  is  the  certain  confequcnce.  Every  part  of 
lature  affords  fadls  to  fupport  this  opinion.  Con- 
emplate  the  great  luminary  wTiich  enlightens  the 
mivcrfe,  and  you  will  find  every  ray  is  fraught 
irith  fire,  which  it  is  ready  to  manifeft  on  meeting 
.  proper  recipient.  Without  the  genial  warmth 
hey  communicate,  both  animal  and  vegetable  life 
Quft  ceafe,  and  all  nature  become  one  lifelefs,  tor- 
»d»  difmal  ruin. 

All  nature  bears  teftimony  to  the  exiftence  of 
his  etherial  fluid,  and  to  it's  inceffant  active  encr- 
y.  To  us,  indeed,  it  often  remains  latent ,-  and 
leculiar  circumftances  are  neceflary  to  excite  thofe 
igns  which  render  it's  cfFedts  mofl:  vilible  to  our 
bnfes.  The  ancients,  viewing  nature  as  fhe  is, 
iften  attained  more  accurate  notions  of  her  ope- 
ations,  than  modern  philofophers.  Thefe,  by 
nultiplying  experiments  without  firft  attaining,  a 
lorrcdt  idea  of  the  fadls  continually  prefented  for 
^bfervation  in  the  great  laboratory  of  nature,  have 
>ftcn  wafted  their  time  and  talents;  and  >n  the 
ind  have  bewildered  themfclves  in  an  inexplicable 
abyrinth,  or  at  beft,  have  only  placed  one  fpecies 
>f  ignorance  in  the  defcrtcd  room  of  another. 

The  Platonifts  and  Pythagoreans  maintained,  that 
ire  was  the  great  inftrumental  caufc   in   the   uni- 
rcrfe,  fubordinate  to  the  i^jinite  creative  mind ;  and  , 
hat  it  aduatcd  the  macrocGj]n,  and   animated  the 
nicrocofm. 

The  old  naturalifls  have  univcrfally  maintain- 
ed, that  fire  was  in  all  bodies;  and  however  indil- 
:incflly  they  were  able  to  \\v\ic  of  ir,  what  ihcy 
*-rote  was  true.  Thcophraflus  has  ipoken  of  [i\c. 
n  terms  that  befpeak  u  conlider:il)!c  knowledge 
:hcreof.      Far    from   i\i['poli;in    7:: ".:'  •    10    be    liv 
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Caufc,  much  further  from  fuppoiing  it  to  be  lb  i^ 
cffcnce  of  fire,  he  afferts,  that  fire  isa  vtrydE  W 
cin(^t  thing  from  the  matter  in  which  wefieir 
lodged,  and  from  the  motions  which  wcfceodi  1^ 
it ;  and  chat  it  is,  in  it's  pure  natural  flate,  finj 
etherial,  imperceptible,  and  at  perfcdl  rcfk  Ifc 
hints,  chat  this  fire  vas  the  breath  which  chca» 
tor  difiufed  in  all  matcer,  which^  paflingOTcrlk 
waters,  made  out  of  them  metals,  ftones,  ai 
parch;  and  aflVrts,  that  it  is  the  inftrumcntwiil 
he  employs  to  give  all  things  life  and  mocioiu 

They  in  general  conlidercd  earfbzndtrater^. 
and^r^,  as  the  cor«iponent  elements  of  allvifilik 
and  known  corporeal  beings,  and  that  life  was w 
veycd  to  them  through  the  elements  of  air  and  to 
that  this  tire  was  continually  operating  to  ^ 
and  adjoin  to  thefe  bodies  the  newly  arrived  itfU 
tcr,  converting  this  matter  into  a  fubftance  of  tklitt 
fame  nature  or  fonn,  with  chat  part  towhichitp 
was  applied,  and  thus  fitting  it  for  the ^me/^*!'' 
increaje^  as  well  as  the  aliment  of  the  part.  BBtl'|? 
then  they  aUb  conlidcred  natural  life  as  only  pot  |i^ 
fcHed  of  chcfe  powers,  bccaule  it  was  the  imnic- P 
diatc  agent  of  mimi :  for  w/W  is  evidently  the f«fr  y 
cj  form  to  all  things  formed  by  jnan  i  and  thccaflfe  I? 
of  ufiicn  ov  i'.njufU/icv,  lo  all  things  united  orcoa-  V 
joined  by  arc.  I' 

It  is  hardly  pofTiblc  not  to  agree  in  ^lanYr^  ^ 
fpefts  wiih  thcic  ancient  fagcs:  for  when  you  look 
round  wich  a  philufophic  eye,  and  contemplate ihc 
univcrfc  wiih  fcdulous  artencion,  you  will  fini 
that  there  is  no  cilc-Ct  cither  leaiitifuly  grcat^  m^^' 
i^cllousy  or  trrrihle,  but  what  proceeds  from /iVc, 

It  can  therefore  he  no  matter  of  fiirprifc,  il^ 
after  the  dilcuvcry  of  electricity,  it  wa.s  confiderw 
as  the  phyjiui!   caufe  of  motion,  iiritability,  W. 
but  it  is  iurcly  a  fubjcct  of  regret,  that  medical  V10^ 
have  fncwn  iuch  reluctance  to  the  invcftigacionof 

a  ihii 
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b]c&^  and  that  too  many  have  in  every  pof* 
ly  endeavoured  to  difcountenance  it's  ap- 
m  in  medicine ;  though  ibe  agency  of  ibis 
nd  it's  exiflence  in  animated  nature,  has  been 
'  proved  by  a  variety  of  experiments,  that 
m  be  very  little  doubt,  that  it  is  eflentially 
:ed  with,  and  continually  exerting  it's  in- 
on  the  human  frame.  I  fhall  here  lay  be- 
)u  fome  further  inftances  to  corroborate 
IS  been  already  advanced.  By  means  of  a 
^ndcnling  plate,  Mr.  Cavallo  obtained  very 
Ogns  of  eledricity  from  various  parts  of  his 
[y,  and  the  bead  of  almojl  any  etber  perfon^ 
ong  cledtricity  obtained  in  frofty  weather 
k  ftockings,  &c.  on  being  pulled  off,  as 
that  obtained  by  combing  the  hair,  have 
)ng  known.  Among  others,  Mr.  Brydone 
IS  a  lady,  who,  on  combing  her  hair  in  frofty 
-  in  the  dark,  had  obferved  f parks  of  fire 

therefrom.  This  made  him  think  of  try- 
:olled  the  eledlrical  fire  from  human  hair 

To  this  end,  he  defired  a  young  lady  to 
1  wax,  and  comb  her  fifter's  hair,  who  was 
in  a  chair  before  her;  foon  after  fhe  had  be- 
comb,  the  young  lady  on  the  wax  was  fur- 
o  find  her  whole  body  eleftrified,  and  dart« 

fparks  of  fire  againft  every  objeft  that 
hed  her.  Her  hair  was  ftrongly  eledrical, 
i(5led  an  eledrometer  at  a  conliderable  dif- 

He  charged  a  metallic  condudor  from  it, 
:he  fpace  of  a  few  minutes  colleclied  a  fuf- 
ijiiantity  of  fire  to  kindle  common  fpirits, 

means  of  a  fmall  j:ir,  gave  many  fmart 
to  ail  the  comnanv. 

hen  the  dilcovcrics  in  this  fcience,  fays 
y^done,  arc  further  advanced^  we  may  find, 
at  we  call  fcnlibility  of  nerves,  and  many 
feafcs,  which  are  known  only  by  name,  ar>? 
1^  Q  X  omiv^ 
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owing  to  the   bodies  being  poflTcfled  of  too  lajp 

or  too  fmall  a  quantity  of  this  lubtil  fluid,  wtiA 

is  perhaps  the  vehicle  of  all  our  feelings,   bi 

known,  that  in  damp  and  hazy  weather,  whcntUi, 

fire  is  blunted  and  abforbcd  by  the  humidity,  iA 

activity  is  IcfTened,  and  what  is  collected  isf« 

dilTipated  ;  then  our  fpirics  are  more  languid,  vi 

our  Icnfibility  is  Icfs  acute.     And  in  the  fi«t 

\vind  at  Naples,  when  the  air   fcems  totally do^ 

prived  of  it,  the  whole  fyftem  is  unftrung,  andtk' 

nerves  fcein  to  lofe   both  their  tcnfion  andcbfb- 

cicy,  till  the  north-weft  wind  awakens  thcadivitf 

of  the  animating  power,   which  foon  reltoresdK 

tone,  and  enlivens   all  nature,    uhich   feemedlD 

droop  and  languifli  in  it's  ablence:  nor  can  thisap- 

pear  furpriiing,  if  it  is  from  the  different  ftatccf 

this  fire  in  the  human  bociy,  that  the  ftriclumuid 

laxum    proceeds,  and  not  from  any  alteracionin 

the  fibres  tiicmrdves,  or  their  being  more  or  Ids 

braced  up,   (among   which   bracers   cold  has  been 

icckoncd  oikJ    though  the  mulcubr   parts  of  w 

animal  are  more   braced   when   they  arc  hot,  and 

relaxed  uhcr:  they  arc  cold. 

From  the  perpetual  cleLtriciry  of  the  atmo- 
fphere,  v.hi-  h  is  no  lom;cr  a  problem,  as  it's  ex- 
igence and  iij:;cr.cy  in  that  ihliIs  of  air  which  fur- 
rounds  our  I'jobc,  hiis  been  arLcriuincd  bv  numc- 
lous,  clear,  auJ.  (k^'ifivc  experiments,  it  fcems  but 
jufl  to  infer,  that  it  mull  exert  a  certain  inHiiencc 
on  all  the  bcin^:s  contained  tiicrein,  and  princi- 
pally on  or^dr.":r.(.u  boui-.s  'Tnon^r  \\l;ichrhc  hunun 
frame  cl:iim-  O^r  prc-ciriinencc. 

Bill  there  ia  no  necci:iry  for  OcuiiJcions  froini 
general  vicu'  o\   nar-jre,   iov  \sc  «re  nou    m  poJTd"-! 
Jion  of  laois,   wi^lch  iKove,  tha:   ii    is   :■    principd| 
agent    ill    ])ro:vn:ip.v^    the    iuiiclioiK    of   animarcd! 
l)rinf;s;  as  in  r:^  j;;.  iriiiOl.i.N  cleciric^u.s  tv)rpedo,  jnd 
filuru^  cieC.ii.us.      Jur    il.e  limilitudc   cltabiilhcJ  I 

bccucca  i 
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rjtwccn  the  eledrical  fluid  of  thefc  animals,  and 
su  of  nature  at  large,  is  fuch,  thAt  in  a  phyfical 
nfe  they  may  be  conHdered  as  the  fame* 

JB   THE    LATER    EXPERIMENTS  ON    AnIMAL    ELEC- 
TRICITY. 

When  Mr.  Walfh  firft  attributed  the  fcn-^ 
.tions  produced  by  the  torpedo,  &:c.  to  clectri- 
lty»  his  opinions,  and  the  inferences  deduced  from 
is  experiments,  were  vehemently  oppofcd  by  mofl: 
f  the  beft  eledricians  of  the  day  :  the  conceptions 
if  thefe  men  being  limited  to  the  minutise  of  ex- 
)eriments,  they  were  incapable  of  grafping  a  more 
xtenfive  fubjecli  or  one  that  was  not  in  all  rc- 
pciSs  conformable  to  the  appearances  they  were 
fed  to.  Whereas  a  juft  view  of  things  ftiould 
ave  prepared  them  to  expedt  various  anomalies, 
/bile  they  were  inveftigating  the  nature  of  an  in-- 
lijible  and  fubtil  agent,  fubjed:  to  a  variety  of 
modifications  from  the  fubftance  through  which 
t  pafles,  or  with  which  it  may  be  combined. 
lencc  in  the  purfuit  of  animal  elecflricity,  you 
[luft  not  .exped  to  meet  with  every  electric  fign, 
8  from  the  very  nature  of  it's  connexion  with  ani^ 
oaf^d  beings,  it  will  certainly  acquire  properiies 
hat  arc  not  to  be  found  when  it  is  difengagcd 
herefrom. 

Before  I  relate  any  of  the  experiments  of 
^alli,  &c.  I  Ihall  lay  berv)re  you  thofc  principles 
/hich  I  conceive  will  ib.row  great  li^lit  on  the 
Libjed:  of  animal  cledr.'-.  ir\,  and  by  which  they 
nay  be  reconcileil  to  rhe  ^eiKTal  a^^ency  of  nature. 
fou  have  {^i^iw  hy  a  grcnr  variety  c^t*  expcririients, 
hat  electricity  is  always  tlyjl  rcnLlrred  IcnJible  hv 
Joliition  of  coniinuii\  \  ytni  have  a!fo  every  reafoii 
O  fupf:)ofe,  that  the  ticclyu:  hiatlrr  is  carrying  on 
:'s  mod  iinportaiu  hinciions,  when  we  are  uuablr 
K  e    \  Vr 
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to  perceive  aw^  ftpts  of  electricity  i  yoa  httefcea 
that  the  eUiSric  matter^  and   what  wc  term  ^k» 
triciiy,  arc  not  infe parable  beings,  that  tkt  i« 
may  fubfift^  when  the  other  ceafcs  to  appear.    Ai^ 
the  air   may   occupy   a  fpacc  without  produtiEj 
found  ;  fo  the  cledric  matter  may  refide  m  at  bodj 
without  exbihiting  any  eleHric  figns.     We  knoi 
by  univcrfal  obfervation,  as  well  as  pariial  cx[ 
mentSj  that  there  ii  a  principle   in   all  boidii 
which  is  continually  endeavouring  to  extend 
form,  but  whofe  energies  are  continually  coui 
adcd  by  an  exterior  force.     Now  it  muft  be 
dent»  that  every  folution  of  continuity  will 
opportunity  for  this  expanftve^   dilating  fubii 
to  efcapc,  when  it   puts  on  new  and  uncxpc^ 
appearances.     Now  as  wc   know   this  expand! 
fubftance   is    fire,  and  have  a  proof,  that  on  it*( 
efcape  it  exhibits  elciflric  figns,  we  have  a  fuitl 
confirmation  of  the  identity  of  thcfe  clemcnti. 

1  thmk   this  view  of  the  fubjcdt  is  m  itftlfi 
fufficient  refutation   of  Dr.  Munro*s  atteinpc 
prove,    that    the    nervous  fluid  or  energy  n  ni 
the  fame  with  the  eleQrical  ;•  though  many  ot' 
arguments  may  be  adduced  to  anfwer  the  {\ 
purpofe. 

His  difficulty  in  conceiving  how  the  el 
cat  fluid  can  be  accumulated  within  our  ne 
fyftem  is  not  greater  than  that  of  conceiving  h 
it  is  accumulated  amidft  a  condufling  fluid  in  the 
torpedo,  &c. ;  nor  indeed  than  of  it*s  being  accu- 
mulated  in  the  Leyden  phial,  as  glafs  is  now  known 
to  be  permeable  thereto.  But  the  difficulty  with 
refpett  to  animals  vanilhes,  when  we  confidcrtlai 
cleeirical  appearances  are  Qccajioned  by  a  ftate  oj  the 
fluid  altogether  dt^erent  from  that  under  wbkb  tt 
exifts  in  the  animal  frame  i  when  it  is  in  the  lattcft 

it'i 
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?.*i  powers  arc  united,  and  it's  operations  imper- 
^ciblc;  when  it  appears  as  clciitricity,  it's  power.^ 
£It  divided^  and  Ibmc  of  their  effects  rendered 
ieniible. 

So  far  as  viechamcal  iJimuli  have  any  relation 
ojire,  fo  far  they  will  be  in  fome  degree  fimilir  to 
Jic  eleSrical  fi^id^  and  aCt  in  the  (ame  manner  ; 
br  llimulants  aft  only  as  they  are  the  vehicles  or 
ire.  The  fecond  objeftion  therefore  of  the  profclFor 
aUs  to  the  ground.  The  fame  reafoning  applies 
o  his  fixth  objection. 

His  fourth  reafon,  fo  far  from  proving  that 
he  nervous  and  eleftrical  fluids  are  not  the 
ame,  may  be  confidered  as  a  clear  proof  of  their 
dentity,  for  the  two  eleftrical  powers  always  aft 
n  oppofite  direftions. 

On  the  fame  principle  the  nervous  energy 
[the  cleftrical  fluid  in  it's  united  ftate)  cannot  pal's 
readily  up  or  down  a  nerve  that  has  been  tied  or 
cut,  for  the  tying  or  cutting  the  nerve  changes 
the  ftate  of  the  fluid. 

Before  I  proceed  to  give  you  an  account  of 
the  experiments  relating  to  animal  electricity,  1 
Ihall  lay  before  you  fome  remarks  of  the  Rev. 
Mf.  William  Jones,*  from  whom  we  have  already 
profited  fo  much  in  the  courfe  of  thcfe  Lecture;, 
and  which  are  intimately  conneftcd  with  our 
fubjeft.  */  As  the  force  of  the  electrical  fluid  (fays 
he)  is  principally  exerjccd  on  the  nerves  and  ten- 
dons of  the  body,  there  is  rcafon  to  believe  that  this 
?luid  is  the  fame  with  thu  /owefhiN^,  which  many 
phylicians  have  difcourfcd  upon,  under  the  name 
of  animal  fpirits.  'J'he  nerves  do  not  appear  as 
if  they  were  ddigncd  to  admit  any  animal  Huid  or 
Jiquor,  unlets  ii  be  an  indolent  lymph  nccfflary  to 

)    c  4  keep 
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keep  them  moid :  but  their  pelluciditf  ipdiai 
that  they  are  properly  adapted  to  give  a  din 
paiTagc  to  the  fluid  light ;  for  they  arc  tranfpare 
and  that  not  tranfverfely,  but  longicudinaliy,  or 
the  dircdion  of  their  fibres.  This  Mr.  Jones < 
fervcd  accidentally,  as  fome  eyesof.iheepaDdox 
Avhich  he  had  procured  for  diiTcdlion,  lay  on 
table  ;  one  of  thefe  eyes  ^one  in  the  day  tii 
much  in  the  fame  hianner  as  the  eyes  of  fome  s 
mals  do  in  the  dark  ;  on  examining  into  this  > 
cumftance,  he  found  that  if  his  hand  were  in 
pofcd  between  the  nearcft  window  and  the 
tremity  of  the  optic  nerve  (a  part  of  which,  nc 
an  inch  in  length,  remained  with  the  eye,  and 
accidentally  pointed  towards  the  window)  thcli 
immediately  difappeared.'* 

From  this  he  was  led  to  cpnfidcr,  whether 
light  that  appears  in  the  eyes  of  fome  animal 
the  night  time,  is  really  a  refleSfion  of  light  f 
the  eye,  as  is  commonly  fuppofed  ;  or  whcth( 
docs  not  rather  pajs  into  the  eye^  through  the  « 
nervt\  from  the  body  of  the  animal  ?  It  is  not  ea( 
conceive  how  this  fhining  can  be  occafibned  1 
rcHcvftion  of  light  from  the  choroides  in  the  bot 
of  the  eye,  when  the  light  to  be  rcf?ei5led  (as 
dark  night)  is  not  vifiblc  before  it's  entrance 
the  eye.  If  a  candle  be  held  before  the  eyes 
dog,  and  you  place  yourfelf  in  the  line  of  reflecft 
the  light  will  be  vifibly  reflected  from  his  ( 
bccaufe  the  illumination  is  fufficiently  ftrong: 
when  there  is  no  vifible  illumination  at  all, 
Ihould  it  account  for  the  like  eflcct?  Whence 
more  rcafonablc,  that  this  appearance  fhoul( 
owing  to  a  light  from  within  the  body  of  the 
mal,  which  being  weaker  than  the  light  of  the 
but  ftronger  than  the  light  of  the  night,  is  vil 
in  the  night,  but  not  in  the  day.  The  light  of  o 
bodies  which  fliinc  in  the  dark  i:i  inherent  in  t 
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^X)dies,  as   in  putrifying  veal,  fifti,  rotten  wood» 

fhofphorus^  the  glow-worm,  &c.  concerning  the 
ill  of  thcfe,  the  eminent  anatomill  and  phiiofo- 
{»her,  T.  Bartholinc,  has  the  following  obfervation. 
fa  glow-worm  be  examined,  it  will  appear  to  have 
a  lucid  liquor  in  the  hinder  part  of  it's  body,  where 
the  heart  is  placed,  by  which  the  heart  is  moved 
and  illuminated;  and  this  fluid  retains  it's  light. 
lb  long  as  the  heart  of  the  infect  retains  it's  life 
.and  motion. 

Dr.  Prieftlcy,  in  his  '^  Heads  of  Ledlures  on  a 
courfeof  experimental  Philofophy,"  has  given  fo 
excellent  and  compendious  a  view  of  the  princi- 
pal experiments,  that  have  been  made  by  Valli  and 
others  to  determine  the  elertricity  of  animals,  that 
2  cannot  do  better  than  lay  it  before  you ;  which 
I  the  more  readily  do,  as  it  will  fave  us  from  the 
difgufling  detail  of  a  variety  of  cruel  experiments, 
experiments  that  I  hope  you  will  never  be  induced 
to  repeat.  One  alone  will  fuffice  to  give  you  an 
idea  of  the  nature  of  thefe  operations. 

Mr.  Valli  opened  the  abdomen  of  a  frog,  in 
order  to  lay  bare  the  fpine  of  the  back,  and  dif- 
covcr  the  crural  nerves  which  iffue  from  it ;  a  few 
lines  above  this  point,  he  cut  the  animal  in  two, 
and  pafling  his  fcillars  immediately  under  the  ori- 
gin of  thefc  nerves,  removed  the  remaining  por- 
tion of  the  vertebral  colunm.  fo  as  only  to  leave 
the  vertebral  which  united  the  bundle  of  nerves; 
this  portion  of  the  vertebra?  was  enveloped  with  a 
piece  of  fheet-lcad  ;  the  coated  part  was  touched 
with  one  end  ofamcrallic  conductor,  and  with  the 
other  the  furlacc  c\  the  thighs  which  were  prc- 
yioufly  Itrippcd  of  tiicir  fkins.  The  movements 
produced  thereby,  were  violent,  and  continued  tor 
la  long  time. 

Having  tlius  explained  to  you  the  manner  in 
vhich   the  animal  is  prepared  for   il^^cfc    cxperi- 
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jnentSj  I  (hall  proceed  to  point  out  the  pnncipil 
refults,  as  furnifhed  by  Dr.  Prieftley. 

The  nerve  of  the  iimb  of  an  animal  being  hid 
bare^  and  furrounded  with  a  piece  of  fhcct-Icad, 
or  of  tin-foil,  if  a  communication  be  formed  be- 
tween the  nerve  thus  armed  and  any  of  the  nc^h- 
bouring  mufclcs,  by  means  of  a  piece  of  line, 
ftrong  contractions  will  be  produced  in  the 
limb. 

If  a  portion  of  the  nerve,  which  has  been 
laid  bare,  be  armed  as  above,  contradtions  will  be 
produced  as  powerfully,  by  forming  the  commu- 
nicatipn  between  the  armed  and  bare  part  of  the 
nerve,  s^s  between  the  armed  part  and  mufclc. 

*  A  fimilar  efFcdl  is  produced  by  arming  a  nerve, 
and  fimply  touching  the  armed  part  of  the  nerve 
with  the  metallic  conduftor. 

Contradlions  will  take  place  if  a  mufcle  be 
armed,  and  a  communication  be  formed  by  mean) 
of  the  conducflor  between  it  and  a  neighbouring 
nerve ;  the  fame  efFeft  will  be  produced  if  the  conn- 
munication  be  formed  between  the  armed  mufclc 
and  another  mufclc,  which  is  contiguous  to  it. 

Contradlions  may  be  produced  in  the  limb  of 
an  animal,  by  bringing  the  pieces  of  metal  into 
contart  with  each  other  at  foine  diftance  from  the 
limb,  provi^c^l  the  latter  make  part  of  a  line  of 
communication  between  the  two  metallic  con- 
dudors. 

The  experiment  which  proves  this  is  made 
in  the  following  manner.  The  amputated  limb 
of  an  animal  being  placed  upon  a  table,  let  the 
operator  hold  with  one  hand  the  principal  nerve, 
prcvioudy  laid  bare,  and  in  the  other  let  him  hold 
a  piece  of  zinc;  let  a  fmall  plate  of  lead  or  filvcr 
be  then  laid  Upon  the  table  at  feme  diftance  from 
the  limb,  and  a  communication  be  formed  by 
means  of  wacer  between  the  limb  and  the  part  of 
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:tht  table  where 'the  metal  is  lying.  If  the 
operator  touch    the  piece    of   iilver  with    the 

:  zinc,  contradions  will  be  produced  in  the  limb, 
the  moment  that  the  metals  come  into  conudl 
■with  each  other.  The  fame  efFed  will  be  pro- 
duced»  if  the  two  pieces  of  metal  be  previoufly 
placed  in  contadt^  and  the  operator  touch  one  of 
them  with  his  finger.  This  fad  was  difcovered 
by  Mr.  William  Cruikfhank. 

Contradtions  can  be  produced  in  the  ampu* 
tated  leg  of  a  frog^  by  putting  it  into  water,  and 
bringing  the  two  metals  into  contaft  with  each 
other,  at  a  fmall  diftance  from  the  limb. 

The  influence  which  has  palTed  through,  and 
excited  contractions  in  one  limb,  may  be  made  to 
pafs  through,  and  excite  contradlions  in  another 
limb.  In  performing  this  experiment,  it  is  ne- 
cellary  to  attend  to  the  following  circumftances ; 
let  two  amputated  limbs  of  a  frog  be  taken,  let 
one  of  them  be  laid  upon  a  table,  and  it's  foot  be 
folded  in  a  piece  of  filver ;  let  a  perftn  lift  up  the 
nerve  of  this  limb  with  a  filver  probe,  and  another 
perfon  hold  in  his  hand  a  piece  of  zinc,  with  which 
lie  is  to  touch  the  filver,  including  the  foot;  let 
the  perfon  holding  the  zinc  in  one  hand,  catch  with 
the  other  the  nerve  of  the  fecond  limb,  and  he 
m?ho  touches  the  nerve  of  the  firft  limb,  is  to 
hold  in  his  other  hand  the  foot  of  the  fecond ;  let 
the  zinc  now  be  applied  to  the  filver  including 
the  foot  of  the  firlt  limb,  and  contradlions  will 
immediately  be  excited  in  both  limbs. 

The  heart  is  the  only  involuntary  mufcle,  in 
which  contra<ftions  can  be  excited  by  thefc  expe- 
riments ;  contradtions  are  produced  more  ftrongly, 
the  farther  the  coating  is  placed  from  the  origin  of 
the  nerve. 

Animals,  which  were  almoft  dead,  have  been 
found  to  be  confidcrably  revived  by  exciting  this 

influence. 
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influence.  When  thcfe  experiments  arc  repeated 
upon  an  animal  that  has  been  killed  by  opiumior 
by  the  clcdlric  llaock,  very  flight  contradions  aic 
produced^  and  no  contradions  whatever  will  takt 
place  in  an  animal  that  has  been  killed  by  cor- 
rofivc  fublimate,  or  that  has  been  flarvcd  to 
death.  Zinc  appears  to  be  the  bed  exciter  uhcn 
applied  to  gold,  lilver,  molybdena^  fteel,  or  cop- 
per;  the  latter  metals,  however,  excite  but  feeble 
xontradions  when  applied  to  each  other;  next  to 
zinc,  in  contadl  with  thefe  metals,  tin  and  lad 
appear  to  be  the  mod  powerful  exciters. 

It  has  been  found,  that,  if  a  plate  of  zinc  is 
applied  to  the  upper  part  of  the  point  of  the 
tongue,  and  a  plate  of  filvcr  to  it's  under  part, on 
bringing  the  two  metals  into  contact  with  each 
other,  a  pungent  difagrceable  feeling,  which  it  is 
difficult  to  defcribe,  is  produced  in  the  point  of  the 
tongue.  And  if  a  plate  of  zinc  is  placed  between 
the  upper  lip  and  the  gums,  and  a  plate  of  gold 
applied  to  the  upper  or  under  part  of  the  tongue, 
on  bringing  thcfc  iwo  metals  into  contad  with 
each  other,  the  pcrfon  imagines  that  he  fees  a  flaili 
of  lightning,  which,  however,  a  by-llandcr  in  a 
dark  room  docs  not  perceive  ;  and  the  perfon  per- 
forming the  expcrimcni  perceives  the  flafli,  thcjgh 
he  is  hood-winked.* 

After  performing  this  experiment  repeatedly, 
Dr.  Munro-  conlhintly  felt  a  pain  in  his  upper 
jaw,  at  the  place  to  which  the  zinc  hud  been  ap- 
plied, which  continued  for  an  hour  or  more;  and 
in  one  experiincni  after  he  had  applied  a  blunt 
probe  of  zinc  to  the  feptum  narium,  and  repeal 
edly  touched  with  a  crown  piece  of  iilver  ap- 
plied to  the  tongue,  and  thereby  produced  the  ap- 
pearance of  a    iialli,  fcveral   drops   of  blood  fdl 

from 
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rhat  noftril;  and  Dr.  Fowler,  after  making 
an  experiment  on  his  ears^  obferved  a  fiini-* 

stMBLAKCE  OK  THE  Fluid  put  in  Motion  by 
•he  foregoing  experiment, -to  the  etectri- 
:al  Fluid.* 

The  fluid  fct  in  motion  by  the  application  ot 
metals  to  each  other,  and  to  animal  bodies,  or 
water,  agrees  with  or  refembles  the  eledrical 
id  in  the  following  refpetfts: 

Like  the  elcclrical   fluid,    it    communicates 

fcnfe  of  pungency  to  the  tongue. 

Like  the  electrical  fluid,  it  is  conveyed  readily 

water,  blood,  the  bodies  of  animals,  the   mc- 

s;  and  is  arreltcd  in  it's  couifc  by  glafs,  fealing- 

It  paflcs,  with  flmilar  rapidity,  through  the 
^bodies  of  animals. 

Like  the  electrical  fluid,  it  excites  the  adlivity 
of  the  veflels  of  a  living  animal;  as  the  pain  it 
gives,  and  hemorrhagy  it  produces,  fcems  to  provc^ 
Hence,  perhaps,  it  might  be  employed  with  ad- 
vantage in  ameiiorrhaea.  it  excites  convuHions  of 
^  mufcles  in  the  fame  manner,  and  with  the 
le  effeds  as  ele^itricity. 

When  the  metals  and  animal  are  kept  ftea- 
ly  in  contadt  with  each  other,  the  convulfions 
ife,  or  an  equilibrium  feems  to  be  produced,  a.s 
tcr  difcharging  the  Leydcn  phial. 

General  Observations* 

A  view  of  the  great  a^efits  in  nature  naturally 
ids  us  to  conlidcr  the  opinion  of  thofc  who  willi 

to 
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CO  fet  religion  and  reafon  in  oppofi tion  to  each  other, 
and  to  fuppofe  chat  philofophy  and  revelation  can 
never  agree.  But^  in  oppofition  to  fuch  infidkni 
attempts^  attempts  m  hich  never  were  defigncd  to 
enlarge  the  mind,  or  to  improve  the  heart,  it  mjr 
eafily  be  made  to  appear,  that,  take  philofophy  in 
it's  mod  improved  ftatc,  enriched  by  thedifcoverio 
of  ages,  examined  by  the  tcft  of  the  clofeft  reafon- 
ing»  elevated  above  the  fallacies  of  the  fenfes,  and 
of  appearances ;  and  yet,  in  this  improved  fiate, 
it  (ball  be  found  perfectly  to  corrcfpond  with  the 
philofophy  of  fcripture,  rightly  underAood.  The 
ivGrdoi  God  is  as  perfecft  as  ins  work.  Both  pro- 
ceed from  the  one  fountain  of  truth,  who  cannot 
contradid  himfelf.  His  Woki>  and  His  Work 
mutually  illuftrate  each  other.  The  one  is  nor  to 
be  underftood  without  the  other.  For  both  are  the 
offsprings  of  divine  lovi\  manifefted  in  m/dm^ 
and  exercifed  in  porcrr. 

Creation  may  be  confidcred  as  the  grand 
chain  of  caufcs  and  effects,  intimately  connected 
together.  It  is  the  work  of  omnipotence,  guided 
by  infinite  wifdom,  and  excited  to  work  by  com- 
municative goodncfs.  But  do  wc  not  entertain 
wrong  ideas  on  this  important  fubjedt,  if  we  ima- 
gine, that  any  part  of  this  grand  f>ftcm  (lands  un- 
connecfled?  or,  as  if  the  Grt\it  Mdjicr  Builder  wi'i 
obliged  to  collect  difcordant  materials  from  dif- 
ferent parts,  and  overcoming  the  repugnance  of 
their  natures,  to  form  one  whole  out  of  thefe  he- 
terogeneous fubllances  ?  Whereas,  the  truth  ap- 
pears to  be>  that  in  his  divine  hand,  the  one  na- 
turally and  orderly  produces  the  other;  that  which 
was  the  effect  of  a  prior  principle,  becomes  the 
caufe  of  that  which  follows  it  immediately;  and 
again,  this  effect  becomes  an  inltrumcntal  caufe  in 
it's  turn;  and  is  thus  extended  in  a  long  ferics,  un- 
til all  arc  completed  in  outward  nature. 
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Let  us  examine  how  this  will  agree  with  the 
Mofaical  account  of  the  creation;  for^  although 
ux  may  readily  allow,  that  that  book  contains 
more  intcrefting  and  important  fubjeds,  than  the 
detail  of  the  mere  creation  and  formation  of  this 
material  fyftem;  yet  the  natural  account,  when 
rightly  undcrftood,  may  be  found  to  be  mod  ac- 
curate, philofophical,  and  juft.  The  great  and 
Ipiritual  truths,  conveyed  under  that  form,  may 
yet  be  delivered  down  to  us  in  a  vehicle  of  the  moft 
accurate  philofophical  truth;  the  ftridter  the  truth, 
the  greater  and  more  perfedl  the  analogy  and  cor- 
refpondence ;  but  it  feems  to  have  been  the  pecu- 
liar fate  of  thefc  fublimc  and  ancient  writings  of 
the  Hebrew  fage,  that  they  have  been  fuppofed  to 
contain  what  they  did  not,  whilft  their  real  and 
moft  important  contents  have  been  greatly  over- 
looked. The  ideas  of  the  Divine  Mind  difclofed, 
the  energies  of  his  almighty  will  exerted,  produced 
motion  in  different  degrees,  as  the  inftrumcntal 
cauf(;  for  future  productions.  Hence  the  motion 
of  fpirits,  of  minds,  of  life,  of  thought,  of  light, 
of  the  heavenly  bodies,  of  blood,  and  of  the  lap. 
Hence  this  motion^  dependent  and  continued  from 
the  one  fource  of  life  and  motion,  may  be  con- 
fidered  as  the  key  of  natural  knowledge,  which 
opens  the  temple  of  phyfical  truth.  Motion  is 
the  vifible  difcovcry  of  the  divine  hand  ;  motion  is 
the  grand  conneding  link  between  the  fpiritual 
and  natural  wbrlds ;  by  this  the  energies  of  the  one 
arc  imprclTcd  on  the  other. 

This  motion,  proceeding  from  a  pure  and 
fupcrior  fyrtcm,  was  at  firft  moft  pcrfcdl  and  full, 
unencumbered  by  matter,  unimp  V  obftruc- 
tions. 

Now,  in  the  firft  day,  (or  in  ^  ^ate  of 

creating  things?  ^~~  is  yet   the  1  and 

earth,  ui^  ht;} 
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in  this  firft  ftate  of  things,  the  fcriptuic  fay5, 
LIGHT  was  formed,  or  rather  the  matter  of  light, 
by  the  means  of  pure  original  inocion.  Now  the 
matter  of  light  is  elementary  /ire.  This  is  evident 
from  the  mod  intimate  relation  between  fire  and 
light;  light  being  only  an  eftccl,  an  outward  vifibk 
manifeftation  of  latent  fire. 

This  pure  elementary  firr,  the  matter  or  fub- 
llanceof  light,  produces  that  rapid  moiioti  of  ligh: 
from  the  funorftars  to  the  earth,  travelling  with  fuch 
amazing  velocity,  hire  and  lio^bi  combined,  pro- 
duced air,  or  the  firft  and  purcit  cthcrial  particles; 
and,  therefore,  in  the  Mofaical  account,  the  firma- 
ment, the  expanfe,  or  the  atniofj^hcre  of  the 
AIR,  was  the  /fY(9W  day's  work,  or  the /V^t?;;*/ ftate 
of  things  in  their  progrefs  lo  perfection  and  fiiinefs. 
This  elementary  principle  is  not  fo  fiibtil  and  active 
as  it's  parents,  fire  and  light;  yet  it  is  more  fubtil 
and  adtive  than  z\ipoitr  or  ".Jdtcr  ;  therefore  it 
holds  the  intcrmcdi:itc  nink  bci\\e;.*ii  thel'e,  and  ii 
a  conncilling  link  in  thi-  i;reat  eli.iin,  a^,  ic  is  pro- 
duced bv  /*Vr  and  //j;'''/  ;  lo  again,  w  hen  partly  de- 
prived oithcfc,  it  i^  the  inliruiuenLal  caufe  to  torn' 
the  vapours  and  wati  r. 

Thar  fnr  and  /;.;/'/  product^  .\i!i,  may  l-.c  11!'..!'- 
tratcd  by  \ariou.s  e\].v.'rnncnts ;  tho  reipiracion  of 
plants,  and  the  purity  of  the  air,  wliich  they  pro- 
duce, V. hen  expi'^d  to  the  agency  ot  //;'•''/  ;  and  the 
grcatquantities  of  diiibrent  airs  j^roducred  in  \:i:;oj> 
chemical  experiniciUh  by  the  activity  of  f:yr. 

Air  condenfcd,  expofcd  to  obllru^'cions,  anvl 
thus  deprived  of  ilic  grcatcil  portion  of  it's  cri^c- 
rial  fire,  becomes  firlt  •:•.;/>:.';•  ,•  and  as  the  lire  dif- 
lipates,  and  the  nu)ti()n  ceal'cs,  it  Ik^ohics  water 
in  the  various  forn.^of  ;,;.;/,  i/rv,  yjin,  c\.c.  Ifi 
this  ttarc,  it  is  ahu.-iii  e:uirs.l\'  deprived  of  it's  ori- 
ginal motion;  is  Icls  fiihtil,  a:;d  riMvre  grofs ;  is 
become  an  objcc^t  o!"  the  oi:t:\\:ird  feiifcrs,  and  is  fub- 
\i\  to  the  lav^  s  of  ^lavitaiicn. 
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Water  is  the  great  fupport  of  animal  and  ve- 
Jtable  fubftances,  which  at  length  are  reduced  to 
rth  in  their  various  changes,  from  the  firfl:  prin- 
ples  of  avflive  nature,  down  to  the  lowcft,  groflTcft 
atcrial  form  ;  from  the  fountain  of  life,  from 
e  architypal  ideas  of  the  Divine  Mind,  through 
irits  to  fire,  light,  ether,  air,  water,  earth,  down 

fluggifli  inert  matter. 

Fire,  li^ht,  air,  and  water^  may  then  be  con- 
lered  as  the  grand  agents  in  nature.     The  earth 

as  it  were,  a  bails  for  them  to  reft  and  to  work 
ion.  In  thefe,  the  circulation  of  motion  in  it's 
fcentand  degrees  is  preferved,  and  the  earth  is  a 
dus  where  they  reft,  and  where  their  cfFecls  are 
mifefted.  Thus  was  there  a  regular  and  beau- 
uldefeent  from  the  fpiritual  to  the  natural  world, 
)m  motion  to  reft.  The  wondrous  fabric  of  the 
rth  was  not  built  of  difcordant  materials,  of 
•ring  elements,  forcibly  reftrained  by  the  divine 
nd  continually  checking  them;  but  the  homo- 
neous  fubftance  arofe  in  a  wife  and  orderly  feries. 
.ch  part  being  preparatory  for  that  which  was  to 
:ceed;  every  thing  being  a  link  in  the  great 
ain  of  order  and  ufefulnefs;  an  inftrumental 
jfe  to  produce  thefucceeding  cfFed-,  until  all  was 
iftied  and  complete,  nature  ftood  perfect  in 
tward  matter:  creation  was  no  longer  all  fire, 
ht,  air,  or  water;  but  each  retained  it's  rcTpec- 
e  rank;  and  the  grofs  material  world  was  pro- 
ced,  able  to  fuftain  minerals,  plants,  animals, 
i  man. 

Thus  did  the  Divine  Archit'-ct  accomplifh 
s  great  and  ftupcndous  work,  by  the  moft  limple 
ans  ;  by  a  regular  dcfcenc  from  the  fpiritual  to_ 
i  natural  worlds  a  continued  fcrK>  pii^^cd' 
m  the  higheft  to  the  loweft,  from  the  pu 
>tion  to   inadivity,  from  t^         -h::ft  priiti -, 

intelligent  mindj  d|»rt  r  ^^^ft#  groit 

Vol.  IV.  ^^K  ]    1    ^^^      hcavi. 
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hcavieft  matter.  Thm  were  all  thtogi  oriod 
infinite  wifdom :  caufes  were  cniplo]red»  aioft  f 
pie  and  prolific^  to  accompliih  the  end  die^ 
Creation  was  accomplifhed :  the  earth  ftood  a 
pletib:  the  work  of  divine  power  refqltiof  fi 
divine  wifdom  and  mercj:  It  "wa*  made  the  tin 
of  his  ffiddnefsi  on  which  he  mi|g^  difplay  ic« ; 
cooiinunicate it  to  his  varioui.CTcaturcs,  wlwl 
mi^t  rejoice  in  their  eziffieiicei'and  tmaSA 
praife»  by  enjoying  happinefs^  and  fifing  in  poi 
tion  througn  endlefs  ages.    ' 

Thus  was  the  earth  dcfigned  to  be  the  ^ 
jStorv  of  the  human  race>  the  itminafjofiil 
until*  full  of  years  and  wifdom*  the/  were  lip^ 
a  happier  change ;  were  prepared  to  qidt  t&| 
rilhing  body»  and  to  be  tranfplantcd  into  apu 
tf  endlefi  delights. 

.The  whole  material  fyftem  was  alfo  a  fbb 
of  (Ibv&ie  inftrudlion  opened  to  man^  in  whkh 
might  read  and  underuandj  and  live  forever; 
which  he  might  difcover  immcnfe  benevolcDoe^ 
fignj  and  order ;  and  thus  be  led  to  underfiaadi  i 
to  adore  him  who  is  the  foujrce  all  thingi. 


j 
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LECTURE   L. 

On  Magnetism.* 

"^HOUGH  the  phenomena  of  the  magnet  hava 
—  for  many"  ages  engaged  the  attention  of  natu* 
I  philofophers,  both  from  their  fingularity  and 
j)ortance ;  we  are  not  yet  in  pofleflion  of  any 
pothefis,  that  will  farisfadlorily  account  for  the 
■rious  properties  of  the  magnet,  or  point  out  thofe 
ik%  of  the  chain,  that  conne(fl  it  with  the  other 
^nomena  of  the  univerfe. 

It  is  known  by  the  works  of  Plato  and  Arif- 
*le,  that  the  ancients  were  acquainted  with  the 
rxadlive  and  repulfive  powers  of  the  magnet; 
^  it  does  not  appear,  that  they  knew  of  it's  point- 
g  to  the  pole,  or  the  ufe  of  the  compafs.  That 
operty  of  the  magnet,  whereby,  when  properly 
^"pcndedi  it  turns  towards  the  north  pole,  renders 
^Df  the  utmoft  fcrvice  to  mankind  in  general,  but 
::>re  particularly  to  an  £ngli{hman ;  the  riches  and 
»^'er  of  whofe  country  depend  on  navigation. 

The  powers  of  the  magnet  excited  the  won- 
-•rof  the  ancients;  they  were  to  them  inexplica- 
^  and  remain  fo.  Poftcrity,  inftead  of  being 
►Ic  to  remove  the  difficulties,  have  only  by  their 
Searches,  found  out  new  w^onders  equally  inex- 
icable.  All,  therefore,  that  1  fliall  be  able  to 
>,  will  be  to  relate  to  you  the  principal  qualities 
this  curious  phenomenon.  "  The  magnet  is  a 
C"oof,  that  nature  has  many  fecn  m1  that  phi- 

►Ibphy,    if   contented   with  pr  owlcdge, 

^i^^ocs  moil  valuable  and  interc  '  )veries, 

Ff  2  wards 
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touards  which,  perhaps,  the  previous  (Icps  are 
ready  trodden."  From  it's  adtion  on  thecomp 
in  all  parts  of  the  world,  it  is  plain,  that  it's 
fluence  is  univerfal.  From  our  knowledge  of  rf 
'u  e  are  naturally  led  to  fiippofe,  that  there  may 
other  invifible  agents  exerting  their  influence 
us,  and  on  our  globe. 

Let  the  modern  philofopher,*  who  denies' 
cxiftcncc  of  a  God,  becaufe  he  cannot  percc 
him  with  his  corporeal  eyes,  tell  you  ^riw  wj| 
///;/;  is,  and  hoiv  it  exifts.  Let  him,  who  will 
dcrftand  everything  that  exifts,  before  he  all 
of  it's  exiftence,  firft  employ  himfclf  here; 
w  hen  he  has  given  the  world  a  proof  of  his  pov 
let  him  attempt  an  higher  fub]e<fl. 

I'he  loadfloney  leading-Jlone^  or  natvtdl  t 
7jet,  is  an  iron  ore  or  ferruginous  ftone,  f( 
in  the  bowels  of  the  earth,  generally  in  iron  m 
of  all  forms  and  lizcs,  and  of  various  colours 
is  endowed  with  the  property  of  attracting] 
and  of  both  pointing  itfclf,  and  alfo  enabi 
needle,  touched  upon  it,  and  duly  poifcd,  to] 
towards  the  poles  of  the  world. 

Loadftones  arc  in  general  very  hard  and 
tie,  ar.d  for  the  moft  part  more  vigorous  in  pr( 
tion  to  their  degree  of  hardnels.  Confide 
j)orti(;ns  of  iron  may  be  extracted  from  t 
Newman  fays,  that  they  are  almoft  totally  fo\ 
in  fpirit  of  nitre,  and  partially  in  the  vitriolic 
marine  .icids. 

Mr.  Kirwan  fays,  that  the  magnet  fcen 
contain  a  fmall  quantity  of  fulphur^  is  often • 
taminatcd  with  a  nnxture  of  quartz  and  argil 
is  potiible,  it  may  contain  nickel,  for  this,  v 
puriiitd  to  a  certain  degree,  acquires  the  pro 


■*  Condorcet  and   many    of  hl«:  frhool,  have  laughed  at 
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:^s  of  a  magnet  ;  but  it's  conftitution  has  not  as 
t  been  properly  examined.* 

Artificial  magnets,  which  are  made  of  fteel, 
c  now  generally  ufcd  in  preference  to  the  natii- 
I  magnet ;  not  only  as  they  may  be  procured 
th  greater  eafe,  but  becaufe  they  are  far  fuperior 
the  natural  magnet  in  ftrength,  and  communis 
te  the  magnetic  virtue  more  powerfully,  and  may 
varied  in  their  form  more  ealily,  fo  that  the  na-. 
ral  magnet  is  now  very  little  cftcemed,  except  as 
ruriofity. 

The  power  of  attracting  iron,  &c.  pofTefled 
the  loadftone,  which  is  alfo  communicable  to 
in  and  fteel,  is  called  magnetism.  It  has  been 
>pofcd,  that  iron  and  the  loadftone  were,  the 
ly  two  bodies  which  could  be  rendered  magne- 
al ;  but  it  now  appears,  that  nickel,  when  puri- 
d  from  iron^  becomes  more  inftcad  of  lefs  mag- 
cic,  and  acquires,  what  iron  does  not,  the  pro- 
rties  of  a  magnet,  f 

A  rod  or  bar,  of  iron  or  fteel,  to  which  a  pcr- 
ment  polarity  has  been  communicated,  is  called 
nagfiet. 

The  points  in  a  magnet  ,which  fecm  to  poflefs  the 
*ateft  power,  or  sin  which  the  virtue  feems  to  be 
ncentrated,  are  termed  the  poles  of  a  mjguet. 

The  viiignciical  meridian  is  a  vertical  circle  in 
t  heavens,  which  interfeds  the  horizon  in  the 
ints  to  which  the  magnetical  needle,  when  at 
1:,  is  direded. 

The  axis  of  a  magnet  is  a  right  line,  whicH 
ftesfrom  one  pole  to  the  other. 

The  equator  of  a  magpiet  is  a  line  perpcndiciiVit 

the  axis  of  the  nuignet,   and  cKadtly    bi.  cvvcea 

:  two  poles. 

.  Ffj 

*  Kirwan*s  KIcmcntf  ui- 
^  Ibid.  p.  36(j. 
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The  diftinguifting  and  charadcriftic  prcpcfJ 
tits  of  a  magnet,  arc,  I 

Firft,  It's  attraftivc  and  repulfive  powcrt,    I 

Secondly,  The  force  by  which  it  plarci  itftM 
when  fufpended  freely,  in  a  certain  dircdion  ul 
wards  the  poles  of  the  earth.  I 

Thirdly,  It's  dip  or  inclination  toward*  1 
point  below  the  horizon.  I 

Fourthly,  The  property  which  it  poflcfffsJ 
communicating  the  foregoing  powers  to  iron  or  ftccfl 

Or  Tm  TiKDENCY  OP  Iron  anpfa   MAOi^fST  ii 

APrKOACH  EACH  OTHER.  I 

This  carious  property  of  the  magnet  wa?  thJk 
by  which  it  was  nr(i  difcovered,  and  bymhichil 
engaged  the  attention  of  the  curious.  I 

Every  fubftance  that  contains  iron,  ia  more  al 
lefs  attradlcd  hv  the  magnet.  And  fo  univerfallyM 
this  metal  difleminatcd,  that  there  are  very  fell 
fubftances  that  are  not  in  fomc  degree  capable  flj 
being  attratfted  by  the  magnet.  You  uili  ftndll 
in  animals,  vegetables,  minerals, and  even  in  theaif^l 

Iron  is  attraded  with  different  degrees  of  forc^l 
according  to  the  different  ftates  of  it's  cxiflencc; 
but  it  never  becomes  quite  infcnfible  to  the  mag- 
netic power.  Even  the  purrft  calx,  or  the  com- 
pleteft  folution  ever  made  of  the  metal,  when  ic- 
curately  e.xamined,  is  found  to  be  in  fomedcgrtc 
obedient  to  the  magnet. 

To  ASetRTAlK    WHITHER    A    BODY  HAS  AKY  IrOhJ 
OR     IS    CAPABLE    OF    BEING    ATTRACTED    EY  IH^M 

Maonet.  I 

If  th^  giv^n  body  contains  evidently  t  larg« 
^antity  of  iron,  on  bringing  a  magnet  in  con- 

taa 

^  CtviIIe  on  Magn^tifm,  p,  66, 


Of  Magnetism*  439 

therewith,  you  will  find  them  adhere  foftrongly 

0  require  a  certain  degree  of  force  to  feparate 
m.  If  the  body  be  not  fcnfibly  attradted  by  the 
gnet  in  this  way,  then  you  may  float  it  by  a 
ce  of  wood  or  cork  on  water;  in  this  fituation 
s  more  eafily  adled  on,  and  confequently  fmail 
entities  of  iron  are  readily  difcovered.  The 
tgnet  Ihould  be  prefented  fideways  to  the  body, 
i  when  it  is  at  reft,  it  is  fometimes  neceflary  to 
ng  the  magnet  within  one  tenth  of  an  inch  dif- 
ice  from  the  fwimming  body  in  order  to  perceive 
:  attradion. 

A  ft  ill  fmaller  degree  of  attradion  may  be 
rovcred  by  placing  the  given  body  upon  quick- 
er, and  then  prefenting  a  magnet  to  it.  The 
Pel,  in  which  the  quicknlver  is  contained,  (hould 
at  leaft  fix  inches  in  diameter,  otherwifc  the 
vature  of  the  fluid  will  be  perpetually  carrying 

body  towards  the  fides  of  the  veflel.  The 
ckfilver  fliould  be  pure,  and  occafionally  cleared 
paffing  it  through  a  funnel  of  clean  M'riting 
>er  ;  the  fmaller  the  aperture  of  the  funnel,  the 
ter  it  will  anfwer  the  purpofe.  The  air  Ihould 
agitated  as  little  as  poflible.  Attending  to  thefe 
cautions,  you  will  feldom  fail  to  difcover  whe- 
r  a  body  contains  any  ferruginous  particles, 

I  place  a  piece  of  iron  on  a  cork,  and  put  the 
k  into  a  bafon  of  water.  I  prefent  a  magnet 
It,  and  it  is  attraAed  thereby,  and  follows  the 
gnct,  fo  that  I  can  move  it  without  touching, 
erever  I  pleafe.  On  this  principle,  many  in 
liousand  entertaining  pieces  of  mcchaairm  have 
n  contrived.  _ 

The  tendency  between   the  magnet  i. 

1  is  reciprocal ;  for^   if  the  magnet    be 
cork,  it  will  follow  the  iron  in  the  (anv 
,  as  this  followed  thcr  m^^zncU    And  thit 
i  takes  placc^  althour'  *-  *^f  paper,' 

•      r  •  - 
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braO;,  Src.  be  intcrpofed  between  the  magnet  ind 
the  iron. 

The  reciprocal  tendency  of  iron  to  a  magnfi, 
and  of  a  magnet  to  iron,  is  pleafingly  illuftratcd 
by  fiifpcnding  a  magnet  under  the  fcale  of  abal- 
lance,  and  countcrpoifing  it  by  weights  in  the 
other  fcale  ;  when  thus  countcrpoifed,  bring  i 
piece  of  iron  towards  it,  and  the  magnet  will  im- 
mediately defccnd.  Reverfc  the  experiment,  br 
lufpendin;]^  the  iron  from  the  fcale,  and  the  iron 
will  now  defccnd  and  follow  the  magnet. 

1  place  a  magnet  upon  a  Hand,  to  raife  it  fomc 
diftancc  from  the  table;  I  fhall  bring  a  fmal!  fee- 
ing needle  towards  it,  keeping  the  thread  which 
U  in  the  needle  in  my  hand,  to  prevent  the  necdl: 
from  fixing  itfclf  to  the  magnet  ;  and  the  needle 
cndeavourmg  on  one  hand  to  fiy  to  the  magnet, 
and  being  withheld  on  the  other  by  the  thread,  re- 
mains pleafingly  fufpcndcd  in  the  air. 

Mathematicians  have  endeavoured  to  com- 
pute the  force  with  which  the  n)agnctic  attractio-i 
;icis  at  diifcrcnt  diilanccs,  but  hitherto  wiiho'j: 
fucccfs.  No  law  has  been  afccrtaincd,  upon  which 
uny  dcptndancc  can  be  placed. 

'1  hough  many  experiments  have  been  maJcr3 
riifcover,  whether  the  force  b\'  which  two  majrnirs 
iKf*  rcp'Jiv'd  or  attracted,  aois  only  to  a  ccr.ain 
■fhlianct';  wiu'iher  the  degrees  of  it's  action  \\::h- 
in,  v.m\  a:  this  dillance,  is  uniform  or  variable, 
arid  in  what  propoition,  to  thediftances  it  incrcaJLi 
or  cliininilhcs  ;  yet  we  can  only  infer  trom  thuv., 
that  the  magnetic  power  extends  further  at  Ic-n.i 
tiuH'>,  than  it  does  at  others,  and  that  the  fphcre 
ot  j:V>  action  is  variable. 

The  f;i!ai!er  the  loadftonc  or  the  magnet  is, 
rl:e  j^rcattr  is  it'sfone,  rntrris  parihus,  in  pio- 
j-(.rt:on  to  it's  fi/e.  V\'hen  the  axis  of  a  magnet 
. -,   Jiiort,  aiiJ  of  coiirfe  it's  poles  very  near,  th^ir 

achoo 
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^lon  on  each  other  weakens  the  magnetic  force, 

variety  of  other  caufes  will  al(ti  occalion great 

egularity  in  the  attradion  ofmagnetifm.     The 

tLraCtion  is^as  I  Ihall  iliew  you,  always  (trongedat 

poles  of  the  magnet ;  and   moit  fo  when  the 

iy  IS  near  the  magnet,  but  diminillics,  as  either 

:cdcs  from  the  other.     It  appears  aUb  from  cx- 

riment,  that  a  magnet  attracts  another  magnet 

^ih  lefs  forccj  than  it  docs  a  piece  of  iron. 

Of  the  Poles  of  a  Magnet, 

It  has  been  already  obferved  to  you,  that 
sre  are  certain  points  of  a  magnet  called  the 
ics,  which  are  poircfTcd  of  the  grearefl  magnetic 
ycc>  and  in  which  it's  virtues  feem  as  it  were 
be  concentrated-  This  I  Iliall  prove  by  an 
^  experiment:  here  is  a  parcel  of  fmall  iron  balls; 
ihall  try  what  number  of  thcfc  the  magnetic  bar 
111  fuftain  at  different  places,  and  you  find  that  it 
ipports  the  greatcff  number  near  the  ends  ;  this 
will  anfwer  our  purpofc  in  rhe  tirft  inflance;  you 
will  find  this  further  confirmed  by  the  fubfequcnt 
ipcrirnents,  dcligned  to  poi^il  out,  with  accuracy, 
^Jituadon  of  the  poles  of  a  maguei. 

I  have  covered  a  pane  of  glafs  with  writing 
|ipcr,  that  the  difference  in  colour  may  enable 
'to  difcern  ntore  dirtindlly  what  effcfcl  a  magnet 
on  ftccl  filings  ftrcvvcd  over  the  paper ;  I  place 
this  pane  over  a  magnet,  fift  fame  Itecl  filings 
ihercon ;  thefe  you  fee  arrange  themfclves  in  a  very 
curious  manner;  thofe  points  frcm  which  the 
curves  feem  to  rife,  and  over  which  the  filings 
(land  in  an  erect  pofuion,  are  the  poles  of  the 
ignet. 

Here  is  a  fmall  needle  incJofcd  in  a  glafs  ball  j 
>vc  this  over  a  magnetic  bar,  and  the  needle  will 

be 
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be  perpendicular  to  the  bar,  when  it  is  over  either 
of  the  poles. 

The  poles  of  a  magnet  may  be  afcertained  with 
great  accuracy  by  means  of  a  fmall  dipping  needle 
ffig.  T,pl.  2,  ElcHricify)  ;  place  this  on  a  magnet, 
and  move  it  backwards  and  forwards  till  the  ncedk 
is  perpendicular  to  the  magnet,  it  \%  ill  then  pointdvi 
reclly  to  one  of  the  poles.  When  it  is  between  the 
north  and  fouth  poles,  fo  that  their  mutual  adiin 
ballance  each  other,  the  center  of  the  needle  wiD 
ftand  over  what  is  called  the  equator  of  the  mag- 
net, and  the  needle  will  be  exacUy  parallel  to  the 
bar ;  between  this  fituation  and  the  poles,  it  indina 
to  the  bar  in  different  angles^  according  to  it*i 
diftance  from  the  poles. 

Or  THE  Action  or  the  Magnetic  Poles  oh 
EACH  other. 

In  the  adion  of  the  magnetic  virtue,  at  the 
poles,  there  is  a  rtrong  fimilarity  with  that  of  elcc* 
tricity  ;  thus  the  contrary,  or  north  and  fourh  poles 
of  two  maj^ncrs  attratt  each  other,  but  poles  of 
thv?  Jd'iuc  namcy  as  two  north  or  two  ibuth  poles, 
Y'-pcl  each  other. 

Sufpcnd  on  a  point  a  touched  needle,  then* 
prcfcnt  towaitls  it's  north  pole  the  fouth  pole  of  a 
Mjgner,  and  it  will  be  attracted  by,  and  flv  to- 
wards it;  prcfcnt  the  other  pole  of  the  magnet, 
and  the  needle  will  fly  from  it. 

Strew  a  few  llecl  filings  upon  a  pane  of  glafs, 
put  either  the  north  or  fouth  pole  of  one  of  the 
bars  under  the  pane  ;  the  filings  will  rife  upon  the 
glafs  as  the  niagnct  approaches.  Bring  the  fame 
pole  of  the  other  bar  direcHy  over  that  imder  the 
glafs,  and  when  it  is  at  a  proper  dillancc,  the  ftecl 
filings  will  drop  flat  on  the  pane. 

Fix 
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Fix  two  needles  horizontally  in  two  pieces  of 
►rk,  and  put  them  in  water;  if  the  poles  of  the 
me  name  are  placed  together,  they  will  mutually 
pel  each  other.  If  the  poles  of  a  contrary  deno- 
inacion  are  turned  towards  each  other^  they  will 
t  attracted  and  join. 

Dip  the  north  or  fouth  ends  of  two  magnets 
ftcel  filings,  which  will  hang  in  clufters  from  the 
id  of  the  bars ;  bring  the  ends  of  the  bars  towards 
ch  other,  and  the  ftecl  filings  on  one  bar,  will  re- 
de from  thofe  on  the  other.  Dip  the  fouth  pole 
'  one  magnet,  and  the  north  pole  of  the  other^. 
to  fteel  filings,  and  bring  the  ends  near  to  each 
her,  and  the  tufts  of  filings  will  unite,  forming 
lall  circular  arches. 

HE  Action  of  the  Magnetic  Po-les  rendered 
VISIBLE  BY  Steel  Filings. 

I  place  the  glafs  pane  covered  with  paper 
Tr  a  magnetical  bar,  and  ftrew  it  over  with  fteei 
ings  ;  on  ftriking  the  glafs  gently,  the  filings  dif- 
)fe  themfelves  in  fuch  manner,  as  to  reprefent 
ith  exadlnefs  the  courfe  of  the  magnetic  matter, 
he  curves,  by  which  it  fcems  to  go  from  pole  to 
)le,  are  pleafingly  indicated  by  the  arrangement 
the  filings;  the  largeft  curves  rife  from  one 
)lar  furface,  and  extend  to  the  other ;  they  arc 
rger  in  proportion  as  they  rife  nearer  the  axis  or 
nter  of  the  polar  furface;  the  interior  curves  are 
laller  and  fmaller  in  proportion  to  their  diftance 
om  the  end,  fee  fig.  8j  pi.  2,  The  greater  the  dif- 
nee  between  the  poles  of  a  magnet,  the  ^'♦rjLjer  arc 
.e  curves  which  arife  from  die  polar  f 

Let  two  magMg  be  placed  ia^         ^inc 
a  fmail  diftance  i^^~  **ach  ocher,  t!" 
'  the  one  oppofech^  ^^tfjh  of  the 
me  of  glafs  Qve^H^^H^nkic  ij 
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filings,  and  then  ftrike  the  pane  gently  with  a 
key,  and  the  filings  will  arrange  themfelvcs  in  the 
diredion  of  the  magnetic  virtue ;  thofe  that  lie 
between  the  two  polar  furfaces,  and  near  thccon^ 
mon  axis,  are  difpofcd  in  ftrait  lines,  going  from 
the  north  pole  of  one,  to  the  fouth  pole  of  the  other, 
as  if  uniting  and  joining  together,  ^i^.  9,  pL  2. 

Place  two  north  or  two  fouth  poles  under  a 
pane  of  glafs,  on  which  iron  filings  have  been 
flrewed,  andthe  filings  will  bedifpofed  into  curves, 
which  feem  to  turn  back  and  avoid  each  other, 
fg.  lOy pi. 2. 

In  magnctifm,  as  well  as  in  ele<flricity,  it  is 
not  the  mere  matter  that  is  attracted,  but  the  ihtc 
of  the  magnetic  Huid  therein,  fo  that  tbe  body 
ahjrays  becomes  incline  tic  before  it  is  attraBed ;  and 
hence  there  is  no  magnetic  attraflion,  but  between 
ibe  contrary  poles  of  tii^o  magnets. 

When  a  piece  of  iron,  or  any  other  fubftance 
that  contains  iron,  is  brought  within  a  certain 
diftancc  of  a  magnet,  the  powers  thereof  are  fe- 
pararcd,and  //  becomes  itfelf  a  magnet ^  having  poles, 
attracftive  power,  and  every  property  of  a  real  mag- 
net. That  part  which  is  ncarcft  the  magnet  has 
a  contrary  polarity. 

The  magnetifm  that  foft  iron  acquires,  when 
placed  within  the  influence  of  a  magnet,  only  lalls 
Avhile  it  continues  in  that  fituation,  but  difappcars 
as  foon  as  it  is  removed.  But  with  burd  irjn,  and 
particularly  with  Jleel,  the  cafe  is  quite  diifcr- 
ent.  For  the  harder  the  iron,  or  the  ftecl,  the 
more  permanent  is  the  magnetifm  it  acquires;  but 
it  is  alfo  more  diflicult  to  render  it  magnetic. 

Thus,  if  two  pieces,  one  of  foft  iron,  the  other 
of  hard  ftecl,  but  both  of  the  fame  ftiape  and  liK, 
be  brought  within  the  influence  of  a  magnet,  and 
at  the  liime  diftance,  you  will  find  the  iron  appear 
more  magnetical   than  the    ftegl ;  but  when  the 

magnet 
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magnet  is  removed,  the  foft  iron  inftantly  lofes  it'* 
magnetifm,  whereas  the  ftcel  will  preferve  it  for 
a  long  time. 

A  magnet  will  therefore  attract  foft  iron 
more  forcibly  than  hard  iron,  becaufeit  can  render 
it  more  rti-ongly  magnetical. 

In  the  foregoing  experiments,  the  Reel  filings 
became  fo  many  little  magnets,  with  contrary 
poles.  On  the  fame  principles,  a  large  key,  or  any 
other  untouched  piece  of  iron,  will  aitraS  and 
fupport  a  fmall  piece  of  iron,  while  it  is  near  the 
pole  of  a  magnet,  but  will  let  it  fall  when  removed 
therefrom. 

A  ball  of  foft  iron  in  contadl  with  a  magnet, 
will  attract  a  fecond  ball,  and  that  a  third,  till  the 
influence  becomes  too  weak  to  fupport  a  greater 
weight. 

Here  is  a  fmall  whirligig,  fig.  11,/)/.  2,  with 
an  iron  axis  ;  I  fpin  the  whirligig,  and  then  take 
it  up  by  a  magnet,  and  you  will  not  only  find  that  it 
will  continue  fpinning  longer  than  if  it  were  left 
to  whirl  on  the  table,  bnt  a  fecond  and  third 
whirligig  may  be  fufpcndcd  one  under  another, 
and  yet  continue  in  motion.  The  number  fuf- 
pended  depends  on  the  llrcngth  of  the  magnet. 

Of  Magnetic  Cknters. 

There  is  a  point  bctw  ccn  the  two  poles,  where 
the  magnet  has  710  attraHion-yior  repidfion ;  this 
point  is  called  the  magnetic  center y  though  it  is  not 
always  exactly  between  the  two  poles. 

Pafs  the  dipping  needle,  y^;^.  7, />/.  2,  over  a 
mganetic  bar,  and  you  will  find  a  place  between  the 
two  poles,  where  the  needle  will  be  parallel  to  the 
bar  but  if  you  remove  it  ever  fo  little  from  thence, 
it   immediately    inclines    towards   the  poles,  and 

when 
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when  over  either  pole,  is  perpendicular  to  the 
bar. 

This  effcQ  is  alfo  pleafingly  exhibited,  by  fur- 
rounding  a  magnet  with  fmall  compafs  needles. 
I  place  the  needles  on  thefe  brafs  (lands,  fo  that 
they  may  be  nearly  in  the  fame  place  with  thebar. 
and  you  fee  thofe  near  the  ends  incline  towards  the 
pole,  but  that  the  t>Ko  needles  near  the  middle  of 
the  bar  are  parallel  thereto^  not  inclining  to  either 
pole,  fee  fig*  12,  pi-  2.  You  may  alfo  obfervc,  that  the 
north  pole  of  the  magnet  attrads  the  fouth  poles  of 
all  the  needles,  and  the  fouth,  the  north  of  the 
needles. 

Lay  a  number  of  magnetic  bars  in  a  ftraic  line 
with  the  north  and  fouth  poles  together,  pafs  the 
dipping  needle  over  them,  and  you  will  finds 
magnetic  center  at  each  place  of  con  tadl,  the  union 
of  the  two  powers  deftroying  their  adlion;  feparate 
them,  and  you  have  the  north  and  fouth  poles  as  at 
firlt. 

Upon  the  fame  principles,  if  a  magnetic  bar 
be  broken  into  any  two  parts,  each  part  hcLor:esa 
magnet^  having  two  poles  ;  the  ends  of  each,  next  to 
where  it  was  broken  acquiring  a  polarity  contrary 
to  the  other  end.  Place  a  magnetic  needle 
upon  one  of  the  (lands,  and  when  the  needle  is 
Heady,  place  an  iron  bar  oi  about  eight  inchcj 
long,  and  between  a  quarter  of  an  inch  and  one 
inch  thick,  upon  the  itand,  fo  that  one  end  of  it 
may  be  on  one  fide  of  the  north  pole  of  the  needle, 
and  fo  near  it  as  to  draw  it  a  little  way  out  of  it's 
natural  direction.  In  this  fituation,  approach  gra- 
dually the  north  pole  of  a  magnet,  to  the  other 
extremity  of  the  bar,  and  you  will  fee  that  the 
needle's  north  end  will  recede  from  the  bar  moie 
and  more,  in  proportion  as  the  magnet  is  brought 
nearer  to  the  bar.  If  the  experiment  be  repeated, 
uith  only  this  difference,  viz.  <h«^  the  fouth  pole 
I  gf 
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of  the  magnet  Nbe  dircQed  towards  the  iron  bar, 
then  the  north  end  of  the  needle  will  advance  near- 
er and  nearer  to  the  bar,  in  proportion  as  the 
ibuth  extremity  of  the  magnet  is  brought  nearer  to 
the  iron. 

The  reafon  of  this  phenomenon  is,  that,  by 
the  approach  of  the  north  pole  of  the  magnet,  in 
the  firft  cafe,  the  extremity  of  the  iron  bar,  which 
lie£  next  to  it,  acquires  a  fouth  polarity,  and  of 
courfe  the  oppofite  extremity  acquires  the  north 
polarity ;  in  confequence  of  which,  the  needle  is 
repelled,  becaufe  magnetic  poles  of  the  fame  name 
repel  each  other ;  but  in  the  fecond  cafe,  when  ' 
the  fouth  pole  of  the  magnet  is  brought  near  the 
bar,  the  end  of  the  bar,  which  is  next  to  it,  ac- 
quires the  north  polarity,  and  the  oppofite  end  ac- 
quiring the  fouth  polarity,  attradls  the  north  end 
of  the  needle. 

If,  whilft  the  pole  of  the  magnet  (lands  con- 
tiguous to  one  end  of  the  bar,  a  fmall  magnetic 
needle  be  prcfcnted  within  a  certain  diftance  to 
various  parts  of  the  furface  of  the  latter,  it  will  be 
obferved,  by  the  attradion  and  repulfion  of  the 
needle,  that  that  half  of  the  bar  which  is  next  to 
the  magnet,  poflcfles  the  contrary  polarity,  and  the 
other  half  the  fame  polarity  with  the  pole  of  the 
magnet  that  is  applied  to  the  iron. 

The  magnetic  center,  however,  or  the  limit 
between  the  polarities,  is  not  always  in  the  middle 
of  the  bar;  it  is  generally  nearer  that  end  which  is 
prefented  to  the  magnet.  This  dilference  is  great- 
er as  the  magnet  is  weaker,  and  the  length  of  the 
bar  incrcafes  ;  but  when  the  l)ar  exceeds  a  certain 
length,  which  depends  on  the  llrength  of  the  mag- 
net, then  the  bar  acquires  feveral  rucccflive  poles, 
viz.  when  the  north  pole  of  the  magnet  is  conti- 
guous to  one  of  it's  extremities,  that  extremity  be- 

cc 
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comes  a  fouth  pole  ;  a  few  inches  farther  on  youvi!( 
have  a  north  polarity,  then  another  fouth  polarity, 
and  fo  on.  In  this  cafe,  the  firft  magnetic  center 
comes  very  near  that  end  of  the  bar  which  (lands 
next  to  the  magnet,  and  other  magnetic  ccntcn 
are  formed  between  every  pair  of  fucccfliw 
poles. 

Thofc  fucccflive  poles  become  weaker  and 
weaker  in  power,  according  as  they  recede  from 
that  end  of  the  bar  which  is  contiguous  to  the 
magnet;  fo  that  in  a  pretty  extended  bar,  thcr 
quite  vanifli  long  before  they  come  to  the  farther 
end  of  it;  hence,  if  one  pole  of  a  magnet  heap- 
plied  to  the  end  of  a  long  bar,  the  other  end  of 
the  bar  will  not  thereby  acquire  any  magnctifm. 
This  will  happen,  when  a  magnet,  capable  of  lift- 
ing about  two  pounds  weight  of  iron,  is  applied  to 
one  extremity  of  an  iron  bar,  about  one  inch  fcjuarc, 
and  about  five  feet  long.  On  removing  the  mag- 
net, the  bar,  if  of  foft  iron,  will  immediately  lofc 
all  it*s  magnctifm  ;  otherwifc  will  retain  it  a 
longer  or  iLortcr  time,  in  proportion  to  it'sharJ- 
ncis. 

To  REXDEK  Iron  andStf.i:!,  Magnltic. 

The  communication  of  the  magnetic  powor 
to  iron  aiul  ilccl  bars,  is  tcrir.cd  by  artifls  i^Uibi% 
a  HLKd!i\  a  Lw,  C\:c.  To  give  a  detail  of  the  vari- 
ous piocclics,  ufcd  by  dillcrent  artills,  for  com- 
municating magnctifm  to  iron,  would  take  up  toi> 
much  of  our  time;  I  (luill  therefore  only  mention 
t\Ao  meth(.ds,  which  you  will  find  adequate  to 
ivcr\  common  purpofe.  I 

1  full:  phice  l^^o  magncts,*A,B,^^V.  13,  ;)/.2,  in»  J 

ftii 

•  The  lon^'rr   jnti   fticngcr  thefe  are,  the  better  ihcy  «K 

'•tiilv.ci  the  [luiuui'c. 
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^rait  line,  the  north  end  of  one  oppofcdtothc 
x>uch  end  of  the  other,  but  at  fuch  a  diftance  that 
:he  bar  to  be  touched  may  reft  upon  them,  taking 
rare  that  the  end  I  defigncd  for  the  fouth,  be  laid 
jpon  the  north  end  of  one  bar,  and  the  north  end 
on  the  fouth  pole  of  the  other  bar. 

I  now  take  two  other  bars,  D  and  E,  and 
ipply  the  north  end  of  D,  and  the  fouth  end  of  E> 
:o   the  middle  of  the  untouched  bar  C,  elevating 
:heir  other  ends  fo  as  to  form  an  acute  angle  with 
:he    faid   bar.     I  now  feparate  D  and  E,  drawing 
:hexn  different  ways  along  the  furface  of  the  bar 
[Tj    but  preferring  the  fame  elevation  all  the  way ; 
t    remove  D  and  E    to  the  diftance  of  a  foot  or 
Tiore  from  the  untouched  bar  C,  and  bringing  the 
lorch    and  fourh  ends  in  contact,    I  apply  them 
igain  to  the  middle  of  the  bar  C,  and  Ihall  repeat 
:hc  procefs  three  or  four  times ;  after  which  I  fliall 
x>uch  the  other  three  furfaces  in  the  fame  manner, 
ind  the  bar  will  thereby  have  acquired  a  ftrongand 
permanent  magnetifm.  This  was  one  of  the  methods 
ufed  by  Dr.  Kniobt,  who  firft  taught  us  the  great 
advantage  that  might  be  obtained  from  the  ufe  of 
magnetic  bars,  giving  by  their  means  a  magnet- 
ifm to  compafs  needles  double  in  force  to  that 
which  the  ftrongeft  naiurul  loadjione  could  commu- 
nicate.    He  was  the  firft  alfo  who  fojMil  tiic  way  of 
working  on  the  natural  magnet,    fo  as  to  incrcafe 
it's  power  in   a  great  degree,   and  of  inverting 
it's  poles  at  plcaOjrc. 

You  may  readily  communicate  the  virtue  to 
iintouched  bars  by  a  horfc-lhoe  magnet,*  cither 
iingle  or  conij)oiin«l ;  the  bar  to  be  touched  fhould 
be  laid  on  two  other  magnets,  as  in  the  plfcceding 
cafe;  the  horfe-ilioc  magnet  mult  be  i-^'^^on 
jrhc  middle  ot  the  untou  'led  bar,  with  i  «»h 

end  towards  that  ifrped  to  be 

Vol.  IV. 
•  Fig.  I. 
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you  are  then  to  draw  it  backwards  and  forwardi 
over  the  bar  five  or  fix  times,  but  be  careful  when 
you  remove  it  that  it  is  at  that  time  over  the  mid- 
dle of  the  bar.  The  fame  operation  is  to  be  ufcd 
vv^ith  the  other  furfaces  of  the  bar. 

A  fmall  compafs  needle  may  be  touched^  by 
being  put  between  the  oppofite  poles  of  two 
magnetic  bars ;  while  it  is  receiving  the  magnetifioOi 
it  will  be  violently  agitated,  moving  backwudi 
and  forwards  as  if  it  were  animated ;  when  it  im 
received  as  much  magnetifm  as  it  can  acquire  la 
this  way,  it  becomes  quiefcent. 

To  Touch  a  Horse-Shoe  Magnet. 

Place  a  pair  of  magnetic  bars  againft  the  cndi 
of  the  horfe-flioe  magnet,  with  the  fouth  end  of 
the  bar  againft  that  end  of  the  horfc-lhoc,  which 
is  intended  to  be  the  north  ;  and  the  north  end 
of  the  other  bar  to  that  which  is  to  be  the  fouth: 
the  contacfl  or  lifter  of  foft  iron  to  be  placed  at 
the  other  end  of  the  bars.  In  this  fituation  the 
magnetic  fluid  which  circulates  through  the  ban 
will  endeavour  to  force  a  paflage  through  the 
horfe-fhoe  magnet,  and  thus  facilitate  the  further 
communication  of  the  magnetic  virtue  to  the 
horfc-lhoc  magnet :  to  this  end,  rub  the  furfaces 
of  the  horfc-lhoc  with  a  pair  of  bars  placed  in 
the  form  of  a  compafs,  or  with  another  horfe-flioe 
magnet,  turning  the  poles  properly  towards  the 
poles  of  the  horfc-lhoc  magnet,  being  careful  that 
thefc  bars  never  touch  the  ends  of  the  ftrait  ban, 
as  this  would  diflurb  the  current  of  the  magnetic 
fluid,  and  injure  the  operation.  If  the  barsare 
feparated  fuddcnly  from  the  horfe-flioe  magnet, 
it's  force  will  be  coniidcrably  diminilhed;  to 
prevent  this.  Hip  on  the  lifter  or  fupporl  to  the 
end  of  the  horfe-lhoc  magnet,  but  in  fuch  a 
manner^   however,  that  it  may  not  touch  the  bars? 

the 
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bars  may  then  be  taken  away,  the  fupport  (lid 
it's  place,  and  left  there  to  ftrengthcn  the  cir- 
tion  of  the  fluid. 

MAKE  A  MAGNETICAt  BaR  WtTtt  SEVEXAL  PoLES* 

Place  magnets  at  thofe  parts  where  the  poles 
intended  to  be,  the  poles  to  be  of  a  contrary 
le  to  thofc  required  ;  and  if  a  fouth  pole  is 
d  on  one  part,  the  two  next  places  mud  have 
:h  poles  fet  againft  them  ;  confider  each  piece 
vccn  the  fupportcrs  as  a  feparatc  magnet,  and 
:h  it  accordingly. 

The  difference  in  the  nature  of  fteel  with 
ceil  to  receiving  magnetifm,  is  exceeding  great, 
calily  proved  by  touching  in  the  fame  man- 
and  with  the  fame  bars,  two  pieces  of  fteel 
[ual  iux,  but  of  different  kinds.  With  fome 
of  fteel  a  few  ftrokcs  arc  fuflicicnt  to  impart 
1  em  all  the  power  they  are  capable  of  retain- 
other  forts  require  a  longer  operation  ;  fome- 
s  it  is  impoffible  to  give  them  more  than  a  jufl: 
ble  degree  of  magnctifm. 
Steel,  that  is  hardened,  receives  a  more  per- 
inagnetifm  than  foft  fteel,  though  it  does  not 
^xr  that  they  differ  from  each  other  in  any 
;  but  the  arrangement  of  the  parts  ;  perhaps 
rioft  fteel  contains  phlogifton  in  it's  largeft 
5,  while  hardened  fteel  contains  it  in  the 
1  cr.  Iron  and  fteel  have  very  little  air 
*porated  in  their  pores ;  when  they  are  fe- 
;^d  from  the  ore,  they  are  cxpofed  to  a 
intenfe  degree  of  heat;  and  moftof  the 
^cs  to  which  they  are  afcervva^'!-.  fubmitced* 
trFcfled  in  a  rctl-hnt  Hate,  ^^^gfc^fpring- 
►cred  fteel  will  not  retain  dT^^^bagnci- 
ss   bard    ficcl,  H-fr    Ilcel   ft^^^^fc^iron 

-EMuliihcal  ■         ^^    -pc-..  .  ^Bba  k 
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united  with  an  acid,  it  will  not  become  magncii- 
cal ;  but  if  the  acid  be  feparated,  and  thephlo- 
gillon  reftor'cd,  it  will  become  as  niagnetical  as 
ever. 

In  communicating  magnet! fm,  it  is  bcftio 
ufe  weak  magnets  firft,  and  thofe  that  arc  ftrongcr 
afterwards;  but  you  muft  be  very  careful  not  w 
ufe  weak  after  ftrong  magnets. 

A  magnet  can  never  communicate  a  grnttr 
power  than  itfclf  poffefres,  or  even  of  an  equal  dc 
gree  ;  but  as  fcveral  magnets  of  nearly  an  equal 
degree  of  magnctifm,  by  being  joined  together, 
have  a  ihongcr  power  than  either  of  them  fingly; 
in  order  to  impart  a  ftronger  magnetic  power  toa 
given  body  A,  by  means  of  a  weak  magnet  B,  you 
muft  firft  render  feveral  bodies  C,  D,  E,  F,  ice 
weakly  magnetic,  and  then  by  properly  joining 
C\  D,  E,  F,  together,  you  may  communicate  to 
another  body,  or  feveral  bodies,  a  ftroiigcr  mag- 
nctifm, and  thus  by  degrees  be  able  to  com- 
iniiniciue  to  A,  the  defircd  degree  of  magnciic 
power. 

A  magnet  lofcs  nothing  of  it's  own  power  by 
communicating  majjncciihi  to  other  fubftances, 
but  is  rather  improved  thereby. 

If  bars  of  iron  are  bc^atcJ,  and  then  coohJ 
equally,  in  various  directions,  as  paralkl,  per- 
pendicular, or  inclined  to  the  dipping  needle, 
the  polarity  will  be  fixed  according  io  tbe:r  yji- 
tion^  rtrongcll  when  they  arc  parallel  to  the  dip- 
ping nccdrc,  and  fo  lefs  by  degrees,  till  they  are 
perpendicular  to  it,  when  they  will  have  no  fixed 
polarity;  but  if,  upon  cooling  a  bar  of  iron  in 
water,  the  under  end  is  confiderably  hotter  than 
the  upper,  and  the  upper  end  ii  cooled  firft,  it 
will  fometimes  become  the  north  pole,  but  noC 
always.  If  iron,  or  fteel,  undergo  a  -viol'ent  ii/- 
irition  in  any  one  particular  part,  it  will  acquire' 
a  polarity;  if  the  iron  is  foft^  the  magnctifm  it* 
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lins  very   little  longer  than   while  the  heat  con- 
tinues,      Lighinifig    is     the    ftrongcit   power    yet 
knovin   in   producing  a  ftream  of  magnetiim;  it 
ull^  in  an  inftanr,  render  hardened  ftcel  llrongly 
jnetical,  and   invert  the  poles  of  a  magnetic 

tdlc. 

Every  kind  of  violent  percufJlon  weakens  the 

Iwcr  of  a  magnet.     A   (Irong  magnet  has    been 

tircly  deprived  of  it's  virtue  by  receiving  feveral 

*art    flrokes    of  a   hammer ;    indeed,    w  hatever 
Icranges  or    difturbes    the    internal    pores   of  a 

pgnet,   will   injure  it's   magnetic  force,  as  the 

iding  of  touched  iron,    wires,  &c. 

Fill  a  fmall  dry  glafs  tube  with  iron  filings, 
Jrcfs  them  in  rather  clofc,  and  then  touch  the  tube 
as  if  it  was  a  rtcel  bar,  and  the  tube  will  attnA 
A  light  needle,  &c. ;  fliake  the  tube  fo  that  the 
fituation  of  the  filings  may  be  diflurbed,  and  the 
magnetic  virtue  will  vanifh. 

But  though  a  violent  percuflion  will  deftroy 
a  fixed  magnetifm,  yet  it  will  give  polarity  to  an 
iron  bar  uhich  had  none  before;  for  a  few  fmart 
ftrokcs  of  an  hammer,  on  an  iron  bar,  will  giveic 
a  polarity,  and  by  hitting  firll  one  end  of  the  bar, 
and  then  the  other,  while  it  is  held  in  a  vertical 
Hruation,  the  poles  may  be  changed.  Twift  9,  long 
piece  of  iron  wire  backwards  and  forwards  feveral 
limes,   then   break    it  off  at  the  twiftedpart,  and 

t:  broken  end  m  ill  be  magnctical. 
The  pole  of  a  magnet  always  produces  the 
ntrary  polarity  on  a  bar  to  which  it  is  applied: 
therefore,  if  two  bars  fully  touched  have  the  poles 
jf  the  fame  name  joined  together,  they  tend  to 
^tiduce  on  each  other  a  force  of  a  contrary  name 
to  that  with  which  they  are  endowed  ;  and  thjs  cf* 
feci  will  diminifli  the  polar  force  of  each  bar; 
_£ODfequcntIy  the  magnetic  force  of  each  longitudi- 

G  g  3  nal 
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Xial  element  of  an  artificial  mi^net  dimini&esn 
it's  bulk  is  incrcafed,  and  the  total  force  of  twf 
magnets  fully  touched,  and  of  the  fame  length  but. 
unequal  in  bulk,  will  be  in  a  lefs  ratio  ttuin  chac 
of  their  mafs. 

If  the  magnet  does  not  touch  the  bar,  bulj^ 
held  at  fome  diftance  from  it^  the  phenomena  will 
be  the  fame;  but  the  bar  will  acquire  lefs  mag^ 
netifm  than  when  it  was  in  contadl  with  the  mag^ 
net. 

E^xh  point  of  a  magnet  may  be  looked  on  v 
the  pole  of  a  fmaller  magnet,  tending  to  produce 
on  the  points  of  the  magnet  a  force  contrary  toit'i 
own,  The  cfFeA  of  this  tendency  will  be  greater, 
in  proportion  to  the  force  of  the  point,  and  ifi 
nearnefs  to  thofe  points  on  which  it  ads;  and  the 
force  of  a  magnet  will  depend  on  the  reciprocal 
gdion  of  thcfe  points  on  each  other. 

Hence  a  narrow  bar  will  in  general  be  more 
powerful  than  a  broader  one  j  and  hence  alfo  the 
exterior  edges  and  points  of  a  magnet  will  have 
more  power  than  the  interior  ones  of  the  fame 
bar. 

Hence  alfo  magnets  (hould  never  be  left  with 
two  north  or  two  Ibuth  poles  together ;  for  when 
they  are  thus  placed,  they  diminifli  and  deftroy 
each  other's  magnetifm.  Magnetic  bars  fhoiild 
therefore  be  always  left  iviih  the  oppofite  poles 
laid  cigainjl  each  o/ber,  or  by  connecting  their 
oppolitc  poles  by  a  bar  of  iron,  The  magnetic 
power  is  incr»':afcd  in  a  magnet,  by  letting  a  piece 
of  iron  remain  attached  to  one  or  both  of  irt 
poles.  A  (ingle  magnet  lliould  therefore  be  always 
thus  left. 

Of  Armed  Magnets. 

As  both  magnetic  poles  together  attraft  ^ 
inuch  greaecr  weight  than  a  finglc  one,  and  as  the 
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ft\iro  poles  of  a  magnet  arc  generally  in  oppofitc 
parts  of  it's  furfacc,  in  which  fituation  it  is  almoft 
ampofliblc  to  adapt  the  fame  piece  of  iron  to  both 
Sit  the  fame  time;    two  foft  pieces  of  iron  are  ap- 
plied to  the  poles  of  a  loadftone,  fo  as  to  projcd:  on 
one  iide  the  magnet;  thefe  pieces  being  rendered 
magnetic,  another  piece  of  iron  can  be  convenient- 
ly adapted  to  thefe  projeftions,  fo  as  to  let  both 
poles  aft  at  the  fame  time.     The  magnet  in  this 
cafe  is  faid  to  be  armed,  the  pieces  of  iron  are 
called  the  armature,  the  piece  of  iron  that  con- 
nects the  poles  is  termed  the  lifter.* 

To  avoid  the  expence  and  trouble  of  the  ar- 
mature, artificial  magnets  have  been  made  in  the 
Ihapc  of  an  horfe-lhoe,  of  which  I  have  already 
^oken. 

Gaflcndi  invented  a  peculiar  kind  of  armour, 

by  piercing  a  loadftone  in  the  direclion  of  the  axis, 

and  placing  a  cylinder  of  iron  in  the  hole,  which 

augmented  confiderably  the  force  of  the  magnet. 

Here  is  a  ftrait  magnetic  bar,  the  north  pole 

:  of  which   fupporrs  four  ounces.     I  apply  another 

magnet  againft  it,  but  fo  that  the  north  pole  there- 

:   of  is  about  half   an   inch  from  the  pole  of  the 

other,  and  it  will  now  fuftain  near  fevcn  ounces. 

Of  the  Magnetism  of  theEarth. 

What  has  been  ufually  termed  the  magnetifm 
of  the  earth,  inij(!u  with  more  propriety  be  termed 
the  magnetifm  of  ri.c  atn^ofphcrc.  Even  the  ex- 
periments ufiially  adduced  to  prove  the  magnetifm 
of  the  earth,  arc  iuil  proofs  chat  it  is  an  aerial  in  ^^ 
fluencc;  as  you  will  perceive  !?•  '^e  account  1  *it 
going  to  give  you,  of  the  c.v  nlB  brougl^^  i^ 

fupporc  of  the  earth's  ma^mr  ^ 

iMr.  Savery  h^  ^^^^^Hluiccs  to 


ilicw  the  force  and  •  ti^^^^^^^Kagnet^ 
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ifm ;  among   others,    that   it    will    fupport 
piCLCsof  iron.     He  hung  up  a  bar  of  iron,  about 
five  feet  long,  by  a  loop  of  fmail  cord,  at  the  up. 
per  end,  and   then  carefully   wiped  the  lower  cnt 
and  the  pol.u  of  a  nail,  that  there  might  be  no 
duft  or  moilture  to  prevent  a   good  contad;  tha 
holding  the  nail  under  the  bar,   with  it's  point  up- 
ward, he  kept  it  clofe  to  the  bar,  holding  only  one 
finger  under  it's  head  for  the    fpace  of  thirty  or 
more  Icconds;  then  withdrawing  his  finger  gcnth 
downwards  that  the  nail  might  not  vibrate;  itirfeD 
oft',  he  wiped  the  point  as  before,   and  tried  fome 
other  part  of  the  plane  at  the  bottom  of  the  bar. 
If  the  ends  are  fimilar,  and  the  bar  has  no  perma- 
nent virtue,  it  is  indifferent  which   end  is  down- 
wards; if  it  has  an  im[.crfe(il  degree  of  polariiT, 
one  end  will  anfwer  better  than  the  cJ.icr. 

The  upper  end  A,  of  a  long  iron  rod,  which 
has  no  fixid  polarity,  will  attradl  the  north  end  of 
a  mapi.Ltic  needle;  the  under  end  B  repels  rhc 
north  end  of  t!ic  needle ;  invert  the  iron  bar,  and 
the  end  P),  which  is  now  the  upper  one,  will 
aurdCL  the  north  pole  of  the  needle  it  repclkd  be- 
fore. The  cafe  is  the  fame,  if  the  bar  is  placed 
hori/onrdHv  in  the  magnetic  meridian,  theend  to- 
wards t!u-  I'lVjch  will  be  the  north  pole. 

Tl.e  explanation  of  this  curious  phenomenon 
is  rati! V  (i<.{liic'cd  fvovn  the  foregoing  o!^fer\arions; 
for,  \\\uv  in  thcfe  northern  parts  the  earth  is  pcf- 
felTcil  of  a  fouth  nugnetic  polarity,  the  lou  efr  pari 
of  tliL-  iron  bar,  [>y  being  neareft  to  it,  mult  ac- 
vjuiic  ti.e  contrary,  namely  the  north  polartv;  the 
other  cxti .  mity  nf  the  bar  becoming  a  fouth  pole. 

It  follows,  likewife,  (and  it  is  confirmed  by 
adual  c\j'  riment,)  that  in  the  foul  hern  parts  of 
the  Cciitl.,  the  lowelT  part  of  the  bar  acquires  the 
fouth  polarity;  that  on  rhL- equator  the  bar  muft  be 
kept  hoii'/oiital,  in  order  to  let  it  acquire  any  mag- 
iicLifn\  frunv  the  v:\xrU\\  ^i\d  that»  even   in  thcfe 
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parts  of  the  earth,  the  moft  advantageous  fituation 
of  the  bar  is  not  the  perpendicular,  but  that  a 
little  inclined  to  the  horizon.  In  ihort,  in  every 
part  of  the  world  it  muft  be  placed  in  the  mag- 
netical  line,  viz.  in  the  direftion  of  the  dipping 
needle.  If  the  iron  bar,  inftcad  of  being  kept  in 
the  magnctical  line,  be  placed  in  a  direAion  per- 
pendicular to  it,  then  it  will  acquire  no  magnet- 
ifin,  becaufe  in  that  fituation  the  adions  of  both 
poles  of  the  earth  upon  each  extremity  of  the  bar 
are  equal.  If,  inftead  of  the  above-mentioned  two 
'dircdions,  the  bar  be  placed  in  any  other  pofition, 
then  it  will  acquire  more  or  lefs  magnetic  power, 
according  as  it  approaches  nearer  to  the  former  or 
to  the  latter  of  the  faid  two  diredJrions. 

Iron  bars  of  windows,  which  have  remained 
long  in  a  vertical  pofition,  acquire  a  fixed  polarity. 
Mr.  Lewenhoek  mentions  an  iron  crofs,  which  had 
acquired  a  very  ftrong  polarity.  Mr.  Canton  pro- 
posed to  make  artificial  magnets  without  the  af- 
liflance  of  natural  ones ;  but  in  this  he  was  mif- 
taken,  for  his  poker  and  tongs  were  natural  mag- 
licts,  and  had  their  vcrticity  fixed  by  being  heated 
and  cooled  in  a  vertical  pofition ;  and  an  iron  or 
ftcel  bar,  though  without  a  verticity,  while  it  re- 
mains in  that  pofition,  exerts  a  polarity,  and  is 
able  to  communicate  a  fixed  vcrticity  to  the  fmall 
bar,  and  is  therefore  for  the  time  a  natural  mag- 
net. And  further,  every  iron  bar,  from  the  largeft 
fize  to  a  fixpenny  nail,  will  exert  this  power  when 
treated  as  above-mentioned.  But  how  this  power 
is  raifed  fo  foon  to  a  degree  grcacly  exceeding  that 
which  communicated  it,  we  do  not  J^  '1  nor  is 
it  more  eafy  to  account  for  ihfi^fecil.  which 

jhe  magnetic  poucr  is  wirhd^^*"  ^  ' 
frary  to  that  which  gave  it. 

Of  the  Directive  I^i'.l 

Let  an  iron  rod  be  exac 

i 
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pendcd  on  a  point,  fo  as  to  revolve  in  a  plane  ja. 
rallel  to  the  horizon;  communicate  the  magnetic 
-virtue  to  this  rod,  and  the  extremity  will  be  al- 
ways directed  tozviirds  ihc  north. 

Here  is  an  untouched  magnet,  I  place  itoni 
point,  and  you  may  obfcrve  that  I  cm  make  it  reft 
in  any  given  fituation;  I  (hall  communicate  the 
magnetic  virtue  to  it,  and  you  will  then  find  it  no 
longer  indifferent  as  to  it's  fituation,  but  it  will& 
upon  one  in  preference  to  any  other,  one  end  al- 
ways pointing  to  the  norib. 

Whenever  a  magnet  can  move  itfelf  frcdf, 
as  if  it  be  fufpcnded  by  a  fine  thread,  or  if  it  be 
made  to  float  on  water  by  means  of  a  piece  of 
cork,  or  if  it  be  ballanced  on  apoint,  provided  it  be 
not  difturbcdby  the  vicinity  ot  iron  ;  it  will  always 
place  itfelf  fo  as  to  direct  it's  north  polctowardi 
the^orth,  and  the  fouth  pole  towards  the  fouth. 

The  directive  power  of  a  touched  needle  is  of 
the  greatcrt  importance  to  mankind;  it  enables  the 
mariner  to  traverfc  the  ocean,  and  thus  uniresthc 
arts,  the  nianufav^iiircs,  and  the  knowlcd^T^c  of  dif- 
tant  counrrics,  t()L;cthcr.  The  liirveyor,  the  miner, 
and  the  adiononicr,  derive  many  advantages  from 
tiiis  w oPAiCrtul  proj;crry. 

'i1ic  //v.'/vV/.T'y  ror.ip.ifs  confifts  of  three  parts, 
the  b')\,  the  i.anJ  or  Hy,   \^\\C\  the  needle. 

The  caiii  is  a  circle  of  ititt  paper  rcprefcnt- 
ij\2:  the  hcri/.vMi,  v.itli  the  points  of  the  compafs 
mr.;-LeJi  on  ir;  the  nKiLrnetieal  needle  is  fixed  lo  the 
under  fi.ie  of  this  card;  the  center  of  the  needle 
is  perloraced,  and  a  cap,  with  a  conical  agate  at 
i:'s  ton,  is  fixed  in  this  perforation;  this  cap  is 
h'^ng  on  a  ileel  ])in,  w  hirh  is  lixed  to  the  bottom 
of  the  box,  fo  iiuic  the  card  hariging  on  the  pin 
turns  freely  round  it's  center;  one  of  the  points 
being  from  the  jjioperty  of  the  needle  always  di- 
rected towards  the  north  j/>Ie.  The  box,  which 
contains  the  card  aud  needle^  is  a   circular  brafs 


Of  Magnetism.  459 

1>ox  hung  within  a  fqiiarc  \^  ooden  one,  by  two  con- 
centric rings  called  jimbals,  lb  fixed  by  crofs  cen- 
ters to  the  two  boxes,  that  the  inner  one  ftiall  re- 
tain an  horizontal  polition  in  all  motions  of  the 
fhip.  The  top  oi  the  inner  box  has  a  cover  of 
glafs  to  pn^vent  ihc  card  from  being  difturbed  by 
the  wind,  iieforc  the  compafs  was  invented,  the 
navigating  of  Ihips  was  a  tedious  and  precarious 
operation,  and  fcidom  performed  out  of  light  of 
land  ;  but  this  indrLmicnt  enables  t!ie  nuriner  to 
travel  over  the  fcas  ahnoll  in  as  direcl  and  true  a 
tradt,  as  the  land  carrier  directs  his  carriage  ia 
a  well  beaten  road. 

It  has  been  already  obfcrved,  that  the  ancients 
do  not  feem  to  h.avc  been  acquainted  with  the  di- 
rcdUve  power  of  the  magnet.  The  only  thing 
that  feems  capable  of  being  millaken  for  fome 
Tuch  knowledge,  is  what  Jamblichus  tells  us  in 
Jlis  life  of  Pythagoras,   That  Pytbiipras  took  from 

Atari Sy  the   llyfirlrrraUy   his  f^^ol den  dart ^  zvitboui 

which  it  IV a 5  impfjjiblc  forbim  to  find  his  road.     But 

the  authority  ot   the  writer,  as  well  as  the  obfcu- 

•    rity  of  ihe  paliiige,  prevents  any  conclulion  being 

drawn  from  it. 

*  Paul  the  Venetian  is  faid  to  have  introduced 

the  ufe  of  the  coiiipafs  in  1260;  but   this  is  faid 

not  to  have  been  his  own  invention,  but  borrowed 

from   tlie  Chinefj.     P.   Gaubil   Hiys,  the  directive 

power  of  the  li:  ^.!le  was  known  to  the  Chincfe  as 

early  as  the  year  A.  D.  22j,underthe  dynaftvof  Haz. 

Jiut  the  AbL)e  iv. :::''  dor,  in  his  Diffcrt? 

Stone,  V.  hen  ihc  ;>■   /.omedans  went 

has  aciil'.iCv'd  llior^j;  leafons  to  prov 

nefe  ki-ew    r.cul.ii.s;  ot"  the  marii 

it  was   ir.:r.  JuvLv!   il-ere  by  the  . 

tonKiiui.s  -^rnis,  tiuii   A.  D.  150 

Indian  piKiLv.iie  .  h!:.  courfe  by  a 

ppd    f   '  :aed   like  thole   ulcd  in 
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muft  be  rei:eive4  ^ith  fbme  caution^  m  Mr: 
low^  in  i597j  fays  that  in  ft  peiibnal  e 
with  two  Eaft  Indians  he  was  tpld  byltheal^i 
mftcad  of  our  compafs  they  niade  ufe  of  a  i 
tical  needle  of  fix  inches  or  longer,  fet  opoiii 
in  a  diih  of  white  China  earth  filled  with^ 
that  in  the  bottom  of  the  di(h  they  had  two^ 
lines,  to  mark  the  four  principal  winds,  and 
the  reft  of  the  divifions  were  left  to  the  (kill  i 

Eilot.     But  to  return  to  Europe,  Mr.  PemiihJ||| 
is  parallel  between  the  ancients  and  the 
has  cited  fome  vcrfcs  of  Guyot  dc  Provias,  i 
wrote  in  i  i8o,  which  Ihew  diftin<5tly  that'  diei^l 
riner*s  compafs  was  known  in  the  South  of  fiaQTl 
at  that  time. 

By  mod  writers  the  invention  of  the  conqal  ] 
isafcnbed  to  Flavto  Goin  of  Analfi  in  Camptnec^ 
who  lived  about  the  year  1.300;  and  he  is  laid  to  be 
the  firft  that  applied  it  to  navigation  in  the  Me4i*  | 
tcrranean. . 

Mr.  de  Lalandc  informs  us,  that  in  *'  Lc  trffor 
de  Brunet,"  a  manufcript  in  the  French  kinrt 
library,  there  is  a  paflTage  which  proves  that  & 
compafs  was  made  ufc  of  about  the  year  1260. 

Here  however  it  may  beobfcrvcd,  that  though 
a  magnet,  which  has  only  two  poles,  will  alwa}'^ 
when  freely  fufpended,  place  itfelf  in  the  magmtk 
meridian^  or  in  the  fame  plane  with  other  good 
magnets ;  yet  when  a  magnet  has  more  than  two 
poles,  thcfe  may  be  fo  fituated  that  the  magnet 
will  not  travcrfe,  that  is,  will  have  no  directive 
power. 

Thus  fuppofc  an  oblong  magnetic    needle  W  ■ 
have  a  north  polarity  equally  flrong  at   each  Ci4j 
and  a  fouth  polarity  in  the  middle  ;  it  is  plain^  dl^l 
as  each  has  an  equal  tendency  towards  the  n 
neither  of  them  can  be  directed  towards  the  1 
in  preference  to  the  other;  confequcntly  the 
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tJlc  cannot  traverfc.  Though  this  cafe  very  fcl- 
dom  occurs,  yet  there  are  many  others,  where  a 
needle,  when  fixed  to  a  card  on  which  the  points 
€if  a  compafs  are  drawn,  may  occalion  conlidcrablc 
errors ;  this  has  been  clearly  proved  by  Dr.  Knight 
and  Capt.  Greaves.  Mr.  R.  Walker,  of  Jamaica, 
has  alfo  clearly  proved,  that  the  only  proper  (hape 
for  magnetic  compafs  needles,  is  that  where  the 
line  of  direction  is  in  the  edge  of  the  bar ;  each 
end  of  the  bar  (hould  be  alfo  pointed.  But  it  will 
be.needlefs  for  me  to  enter  into  the  fubjedt,  as  Mr. 
"Walker  means  to  lay  his  own  ideas  before  the  pub- 
lie,  in  a  work  which  will  contain  much  other  cu- 
rious matter  on  this  part  of  magnetifm. 

Of  the  Variation  of  the  Compass. 

Though  the  north  pole  of  the  magnet  is,  in 
every  part  of  the  world,  directed  nearly  towards  the 
nor/b,  yet  it  very  feldom  pohits  exatlly  thereto^  and 
confequently  the  fouth  pole  of  the  magnet  feldom 
points  towards  the  fourh.  In  other  words,  the 
magnetic  meridian  feldom  coincides  with  the  me- 
ridian of  the  place,  but  generally  varies  from  it 
fome  degrees  eaft ward  or  wcllward. 

This  variation  is  diiferent  in  different  places 
on  land  as  well  as  at  fca,  and  is  alfo  continually  va- 
rying in  the  fame  place.  For  inltance,  the  varia^ 
tion  is  not  the  fame  in  London  as  at  Paris,  or  as  at 
the  Cape  of  Good  I  lope  ;  and  the  declination  at 
London,  or  at  any  either  place,  is  not  the  fame  now 
as  it  was  twenty  years  ago. 

This  variation  is  al;va)s  reckoned 
north;  that  is,   if  the  north  end  of  a  ncr 
to  the  c:iil  of  the  norlh^i^a|yftriaiion  li  fa 
eaftcrly;   and  if  it  var^      ^^peftj  the   v;; 
is  faid  to  be  wcftcrly. 

1  he  uiiEWtointy  of^^^^^ftdtv  of  th) 
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mtion  in  difFerent  parts  oi  the  world,  is  1  gr :: 
impediment  to  the  perfe&ing  of  navigaiioni  ^ 
phiiofophers  have  earneftly  endeavoured  id  Lnit 
gate  it's  caufe,  and,  if  poflible^  to  correfl  t| " 
tors  it  occafions.  The  refearch  baa  hithenol 
in  vain,  though  I  mnftown,  I  think  the  fubjt^i 
in  the  handota  perfian^  who  bids  fair  to  difpel  much 
of  the  darknefs  with  which  it  has  hitherto 
furrpunded  ;  and  from  what  1  have  fecn  of  Mr.ft^ 
Walker's  theory,  it  appears  to  mc  correA  and  jo* 
diciousj  and  needs  only  to  be  under (lood  to  pro- 
duce conviAion.  He  has  alfo  contrived  a  conipaftj 
to  afcertain  the  variation  of  the  needle  at  fca  witi 
out  calculation. 

Though  the  diredlive  power  of  the  cofi  ^ 
,was  applied  to  the  purpofes  of  navigation  in' 
fourteenth  and  fifteenth  century^   it   does  not  ap-i 
pear,  that  there  were  any  apprehen lions  during  tlat 
time  of  it's  pointing  ocherwife  than  due  norm  sod] 
fouth. 

The  variation  of  the  compafs  is  faid  to  haf€ 
been  firft  difcovcrcd  by  Columbas,  the  lancroid 
of  the  fifteenth  century.  But  the  firft  pcrfon  wbo 
difcovercd  that  it  was  real,  and  was  the  fame » 
all  needles  in  the  fame  place,  is  generally  allawd 
to  be  Sebaftion  Cabot.     This  was  about  the  yor 

H97- 

After  the  variation  was  difcovcrcd  by  Cabor, 

it  was  thought,   for  a  longtime,  to  be  invarmblf 

the  fame,  at  the   fame    places,   in  all  ages;  birt 

Mr.*Gcllibrand,   about   the  year   1625^   difcovcr- 

ed  that   it  uas  different  at  different  times,  initaj 

fame  place. 

From  fucceflive  obfervations  made  afterwa 

it  appears,  that  this  deviation  was  not  a  cc 

quantity,  but  that  it   gradually   diminiihc4i^ 

at  laft  about   1657  it  was  found  that   the  1 

pointed  due  north  at-  London,  and  has,evc( 
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been  increafing  to  the  weft  ward  of  the  north.  So 
that  in  any  one  place  the  variations  have  a  kind  of 
libratory  motion,  travcrfing  through  the  north  to 
unknown  limits  caftward  and  wcftward.  The  prc- 
fcnt  variation  at  London  is  about  2  j  j.  degrees. 

Dr.  Hallcy  fuppofed  that  the  earth  has  within 
it  a  large  magnetic  globe,  not  fixed  within  to  the 
external  parts,  having /(?;/r  magnetic  poles,  two 
fixed,  and  two  moveable,  and  by  this  he  has  en- 
deavoured to  account  for  the  phenomena  of  the 
needle.  His  application  of  this  theory  to  fails, 
is  in  many  refpcds  inadequate,  in  all  laboured  and 
unnatural.  Mr.  Euler  has  Ihewn,  that  he  can 
with  two  magnetic  poles  placed  on  the  furface  of 
the  earth,  account  for  all  the  phenomena  as  well 
as  Dr.  Hallcy  with  four;  but  his  theory  has  alfo 
various  imperfections. 

The  variation  of  the  needle  may  be  illuftrated 
by  placing  fcvcral  touched  needles  round  a  mag- 
netic bar,  fee  fig.  12,  pi.  2.  Now  if  the  earth  be  a 
great  magnet,  or  if  it  have  only  a  magnetic  at- 
mofphere,  it  is  clciir  from  this  experiment  that 
magnetic  needles  pluccd  on  it's  furface  would  have 
different  dircdions  in  different  places,  which  1* 
conformable  to  experience  ;  and  the  apparent  irre-. 
giilarities  in  the  variation  of  the  needle  mull  be  oc- 
cafioncd  by  the  lituation  of  the  magnetic  poles  of 
the  earth. 

If  the  magnetic  [H)1cs  agreed  with  thofc  of 
the  earth,  there   would  be   no  vartationj  and  the 
magnetic  needle  would  point  to  the  true  nonh  n^^'^'-^ 
fouth.     If  the  axis  of  thi!   magnetic    poles 
through  the  center  of  the  earth,  it  vvouli* 
•to  afllgn    the   quantity  of  the  variation  . 
place  ;    but  ass  this   1%   nut^llfe.  cafe,    to 
regularly  for  the  vanalion.  ^  ^ 

the  exact  fituatlii^^B  dji 
earth,  their  nui 
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real  poles  ;  whether  they  ^i  ft  their  place,  and  if 
they  move,  the  quantity  of -niocion  every  year. 

Of  the  Diurnal  Variation  of  theNeedii. 

About  the  year  1722,  and  1723,  Mr.  George 
Graham  made  a  number  of  obfervations  onthedi- 
urnal  variations  of  the  magnetic  needle.  In  the 
year  1750,  Mr.  Wargentin  took  notice  of  the  re- 
gular diurnal  variation  of  the  needle;  andalfoof 
it's  being  difturbed  at  the  time  of  an  aurora  kxt- 
alts.  About  the  latter  end  of  the  year  1756,  Mr. 
Canton  began  to  make  obfervations  on  thevaria- 
tion,  and  in  1759  communicated  ieveral  valuable 
experiments  to  the  Royal  Society. 

The  obfervations  were  made  by  him  for  6oj 
days;  on  574  out  of  thefe,  the  diurnal  variatioa 
was  regular.  The  abfolute  variation  of  the  needle 
"weftward  was  increafing,  from  about  eight  or 
nine  o'clock  in  the  morning,  till  about  one  or  two 
in  the  afternoon,  when  the  needle  became  ftation- 
ary  for  fomc  time ;  after  that  the  variation  weft- 
ward  was  dccrcafing;  and  the  needle  came  back 
again  to  it's  former  fituation  in  the  night,  or  by 
the  next  morning. 

The  diurnal  variation  is  irregular  when  the 
needle  moves  flowly  caftward  in  the  latter  part  of 
the  morning,  or  wcilward  in  the  latter  part  of  the 
afternoon  ;  alfo  when  it  moves  much  either  way 
after  night,  or  fuddcnly  both  ways  in  a  fhort  time. 
Thefe  irregularities  fcldon\  happen  more  than  once 
or  twice  in  a  month,  and  are  always  accompanied 
with  an  aurorii  horealis.  The  diurnal  variation  in 
the  months  of  June  and  July,  is  almoft  double 
that  of  January  and  Decembrr. 

Mr.  Canton  fuppofes  that  the  diurnal  b^at  of 
the  fun  acts  upon  the  viagnt-tic  pans  of  the  eartli« 
or  rather  upon  the  magnet  included  in  the  earth. 

But 
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But  Mr.  i^ipinus  has  fhcwn  that  this  fuppofition 
is  inadmiflible,  becaufc  agreeable  to  the  hypothcfis 
the  nKujjnetir  micL'us  m/ill  be  very  profound^ 
and  it  is  well  known  that  the  foiar  heat  does  not 
^f^nctrate  to  very  great  deptlis ;  there  are  caves  at 
no  great  diftance  from  the  furface  of  the  earth, 
irt  which  a  thermometer  remairts  always  at  the 
lame  height.  The  diurnal  heat  does  not  penetrate 
^ven  thefe,  there  is  therefore  no  probability  of  it's 
*fFcdls  extending  to  ftill  greater  depths. 

Of  the  Dip  op  the  Needle. 

If  a  needle,  which  is  accurately  ballancedand 
rtifpendcd  fo  as  to  turn  freely  in  a  vertical  plane, 
bie  rendered  mngjieticrai,  the  north  pch  'Soil!  be  de-- 
prelfed,  and  the  fonth  -pole  elevated  above  the  borU 
Win  :  this  property  \^.  c*-ileG  the  dip  f^f  the  horizon. 
AlS  it  is  very  difficult  to  biillance  a  needle  accu- 
nsL'tely,  the  poles  are  generally  revcrfcd  by  a  mag- 
Acitj  fo  that  it's  t^»  o  '*nds  may  dip  alternately,  and 
:he  mean  of  the  two  is  taken. 

This  property  Vv'as  difcovcrcd  by  Robert 
Sr<>riTian,  about  the  year  1576.  I  ihall  give 
fee  account  of  the  diloovery  in  hi  ^.  own  words. 

"  Having  (lays  he)  maJc  many  and  divers 
fpaipafTes,  and  ufing  always  to  (liHili  and  end 
hriti  before  I  tou.vhed  the  nceJIc,  I  found  con- 
Inually  that  after  1  had  rouched  the  yrons  with' 
he  ftone,  that  prcfcntly  the  north  nn 
{^ould  bend  or  decline  downwari- 
iprizon  in  fome  qu.i'iticy ;  infomucli,  i 
fie  of  the  compafs,  which  befor 
quaU  I  was  ftiil  conf^raincd^  put 
iiece  of  wax  in  the  fouth 
erpoife  this  declining,  a 
^in. 

*•  Which  effcft  having 
Vol.  IV.  hih 
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hands  without  any  great  Kgaid  chereuato^nj^ 
norant  of  any  fuch  property  ui  the  fton^      *'^ 
before  having  heard  nor  read  o  f  smf  Hich 
it  chanced  at  length  that  there  came  to  say 
an   inftrunient  to  be  made,   with  a  Qeedkof 
inches  lon^»  which  needle  after  I   had  , 
cut  off  at  ju^  lengthy  and   made  to  Aaiid 
upon  the  pin^  fo  that  nofhipg  refted  but 
touching  of  it  with  tjbe  ftone :  when  I  had 
the  fame,  prefently  the  north  part  thereof 
down  in  fuch  fort>  that  being  conftrained  lo 
away  fome  of  that  part  to  make  it  equal  agriiw 
the  end  I  cut  it  too  (hortj  and  fb  fpoiied  the 
wherein  I  had  taken  fo  much  pains. 

^'  Hereby  being  Ilroken  into  Ibme  chalffa 
applied  myfelf  to  leek  further  into  this 
and  making  certain  learned  and  expert  men 
friends)  acquainted  in  this  matter,  they  « 
me  to  frame  fome  inftrument,  to  make  feme 
trials  how  much  the  needle  touched  with  thefifltff 
would  decline^  or  what  greateft  angle  it  woult 
make  with  the  plane  of  the  horizon,'*  Thus^' 
Mr.  Norman. 

The  dip  is  faid  to  be  fubjeA  to  a  varatioar 
At  this  time  in  London  it  is  about  72I  degrea; 
from  fome  late  obfervations  it  appears  to  diminift' 
about  fifteen  minutes  in  four  years.  The  nam 
of  this  phenomenon  is  pleafingly  illuilrated  by  air« 
rying  a  fmall  dipping  needle  from  one  end  of 
a  magnetic  bar  to  the  other ;  when  it  ftaadii 
over  the  fouth  pole,  the  north  end  of  the  nccdk 
will  be  diredled  perpendicularly  to  it  ^  as  di^ 
needle  is  moved,  the  dip  will  grow  lefs,  and 
it  comes  to  the  magnetic  center  it  will  bcps 
to  the  bar;  afterwards  the  fouth  end  willdip^ 
the  needle  will  (land  perpendicular  to  the,  h 
when  it  is  directly  over  the  north  pole. 


Of  Magnetism, 


467 


THE  Influence  of  the   Alrora  Borealis 
ou  THJS  Magnetic  Needle* 

MclTrs.  Wilckc  and  Van  Swinden  have  clear- 
>roved,  that  there  is  a  connexion  between  the 

)ra   borcalis    and   the   magnetic  needle  ;  they 

fcfe  (hewn  it  to  be   fo   evident,  fo  general,  and 

[conftant;  that  no  one  who  examined  the  afFec- 

isof  the  one  and  the  other  with  attention,  could 
^c   any  doubts  on    the   fubjed:.     It    remained 

i'evcr  for  Mr.  Dalton*  to  give  a  complete  and 

sfadiory  account  of  this  connexion,  and  it  is 
kh  great  plcafurc  I  take  this  opportunity  of 
Commending   his  work  to   your   attentive   pc- 

From  various  obfervations  he  has  fhewn,f 
en  the  aurora  appears  to  rife  only  about  5*^  to' 
15*^  above  the  horizon,  the  needle  is  very  little 
'urbed,  and  often  infenfible*  2*  When  it  rifcs  up 
the  zenith,  and  pafles  it,  there  never  fails  to 
a  conliderablc  difturbance-  ;j.  This  difturb- 
c  confifts  in  an  irregular  ofcillation  of  the  hori- 
tal  needle,  fomctimes  to  the  calHard,  then  to 
weftward  of  the  mean  daily  pofition,  infuch 
that  the  grcatell:  excurfions  on  each  lidc  are 
nearly  equal,  and  amount  at  Manchcfter  to  about 
half  a  degree  on  each  fide,  4.  When  the  aurora 
ccafes,  or  foon  after,  the  needle  returns  to  it's 
former  flation. 

From  thefc  fatSs  alone,  fays  Mn  Dalton,  in- 
dependent of  other  obfervations,  we  cannot  avoid 
inferring,  that  there  is  fomcthing  magnetic  con^ 
Jiantly  in  the  higher  regions  of  the  atmofphere, 
H  h  2  that 

Meteorological  Obftrvations  and  EiTiys,  by  J^hn  Daltoiip 

3* 
Dalton'i  Obfervations,  p,  183, 
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tliat  has  a  ihare  at  lead  in  guiding  the  DCtdle  ;  d  | 
that  the  fluduation^  of  the  needle^  duiiii|]!;  thci 
rora,  are  bccafioned  by  fomc  mutaticms  that 
take  place  in  this  magnetic  maxt^r^  in  the  iocu 
bent  atmofphere.  .  .  .^    / 

Or  TijB  BiyiihARixY  utwxeit.  Ej-tctEicnr^ 
.,  AN0  MaoifkTi!^M^ 

The^.  powers  of  magnctifm,     like 
clqftricity,  are  excited  arid  feparaced   by 
T|his*effeft  is  wonderful    in   both,  but  more fo8 
it^agnetiirmj   where  two  powers,    naturajlyatrnd 
in^  each  other,    rjsimain   fci^rated    in   the  fai 
ftcei  bar  for  many  y^e^ri^  and ,  yec,  cliey  may 
reduced  to  their  natural  (lat^  by  the  fri  ft  ion  ( 
two  other  magnets,  ading  in  a  contrary  order  i 
that  by  which    th?  polep.  weirc  or igjoaUl^^  ftp 
rated. 

Magnet ifm  and  eleftricity  ail,  ppjireriUllf  ^  \ 
corners,  edges,  and  points. 

•  Magnet ifm  may  be  communicated  to  a  fiatD  I 
fteel  needle,  by  palUng  the  difcharge  of  a  large  elcCr- 1 
trical  battery  througli  it,  I 

The  difcharge  of  an  eleftrical  battery  thraj^l 
a  fmall  magnetic  needle,  will  fometimes  deftjnDff 
the  magnet  ifm,  and  fometimes  invert  the  poles  ol 
the  magnet.     Similar  ,efrciSs   have   been  produc- 
ed by  lightning- 
Op  THE  Theory  of  Magni^tism.    - 

Here,  as  in  other  parts  of  natural  philofophf, 
we  mull  content  ourfclvcs  with  mere  conjecture,  f^ 
the  various  hypoihcfcs  that  have   been  foi 
account  mcchanicaily  for  the  phenomena  of i 
netifm,  that  of  Mn   Prezyi*  is_  undoubtcaWi 


*  Preroft  Dc  TOrigine  des  Forces  Magnetiqucs  h  Q 
1788. 
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bed  ;  but  as  it  depends  on  a  knowledge  of  Mr.  Le 
Sage's  mechanical  fyftcm  of  the  univcrfe^it  will  be 
impoffible  for  me  to  lay  it  before  you  in  a  fatisfac- 
tory  manner ;  you  muft  therefore  be  contented  with 
a  very  imperfe<ft  Ikctch  thereof. 

Hypothesis. 


There  exifts  in  and  about  our  globe,  a  very 
fubtil  fluid  pofleffing  the  following  properties. 

1.  It  is  expanfive,  and  confequcntly  difcrete. 

2.  The  molecules  of  this  fluid  arc  formed  by 
the  union  of  two  kinds  of  elements.  A,  B,  united  by 
affinity. 

3.  The  elements  of  the  difl^srent  kinds  have 
a  ^greater  tendency  to  each  other,  than  thofe  of 
the  fame  kind. 

4.  That  excepting  the  preceding  property 
fn.  3),  thcfc  attradlions  follow  the  fame  laws  as 
linivcrfal  gravitation. 

5.  This  fluid  has  an  affinity  with  the  parti- 
cles of  iron,  and  which  probably  avfls  only  at  con- 
tad:,  or  when  very  nearly  in  contadl.  This  fluid 
is  decompofed  by  iron,  and  feldom  by  any  thing 
clfe. 

The  foregoing  properties  of  the  magnetic  fluid 
may  be  ail  mechanically  explained  on  the  princi- 
ples of  Mr.  Le  Sage. 

To  explain  the  magnetic  phenomena  of  the 
earth,  it  is  fufficicnt  to  fuppofe  that  one  alimeiit 
of  the  magnetic  fluid  is  furnilhcd  by  naturffigy, 
greater  abundance  in  one  hemifphere  that 
other  ;  or  that  a  fmall  port* 
pofcd  by  fomc  of  the  cao' 
nature,  by  which  means 
maintained  in  a  charged 
^    Hh 
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abundance  of  one  element  in  one  hemifphi 
/  in  the  other.    This  acciiinul^oa  may  prii 
fx\R  in  the  atinofphere* 

On  confidering  that  the  aurt^ra  k^re^Us^ 
zodiacal  lights  eieffricity,ixj4.  bemi^  all  in  fame 
fure  afFc^  the  magnetic  needl^i  there  fccmJ 
for  fuppofing  that  one  or  other  of  the  elcmenu 
the  magnetic  fluid  is  fumiflied  by  the  filar  rajj. 

When  we  confider  the  extent  occupied  by  h 
magnetic  fluid,  we  are  ns^turallx  Jed  to  In^m 
wheth^  it's  effluvia  coprfe  inceflantly  over  hd 
and  fei^,  only  to  turn  here  and  there  a  marii 
compafs?  Bein^  iiflured  that  Qoo  governs 
Ipng  fubordination  of  fecond  caufbs ;  ttmt  jie 
only  employs  a  concurrence  of  c^ufo  to  pi 
oneefTefl,  but  likewife  produces  Murious  t^t^ 
from  one  and  the  fame  caufe;  *we  may  fafcly  au- 
fwer,  that  there  are  other  ufcs  of  the  inagnm 
effluvia,  bcfides  thofe  we  difccrn.  Here  a^in^is 
in  every  other  parr  of  philofophy^  we  have  a  funhcf 
confirmation  of  the  littlenefs  of  human  know- 
ledge, and  fee  how  much  pains  Goo  has  takcn^  if 
to  fpeak,  io  bide  pride  from  man. 


A 
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LECTURE    LI. 

On  Meteorology. 

THERE  is  fcarce  any  fubjed  in  which  mankind 
feel  rhemfelves  more  interefted,  than  in  the 
ftateof  the  "jocather,  that  is,  in  the  temperature  of  the 
air,  the  influences  of  wind,  rain,  &c.  It  forms  a 
principal  topic  of  common  converfation.  By  the 
weather,  the  traveller  endeavours  to  regulate  his 
journies^  and  the  farmer  hi%  operations  ;  by  it  plen- 
ty and  famine  are  difpenfcd,  and  millions  are  fur- 
nifhed  with  the  neceffarics  of  life.  It  is  intimate- 
ly connefted  with  the  health  of  the  human  body, 
and  with  every  part  of  natural  hiftory,  and  more 
particularly  with  agriculture.  You  will  therefore 
find  this  branch  of  philofophy  peculiarly  interefl- 
ing ;  the  more  fo  as  it  will  lead  you  to  confider  the 
great  operations  in  nature. 

**Here  you  may  fee  and  admire  the  changes  in 
the  elements,  which  prefent  us  with  all  that  is  great 
and  wonderful  in  nature,  and  which,  with  a  variety 
little  lefs  than  infinite,  work  together  for  the  good 
of  man,  and  the  prcfcrvation  of  the  world.** 

I  have  long  (ince  obfcrvcd  to  you,  how   ini- 
properlydthe  fcience  of  natural  philofophy  has  been 
treated  by  it's  moft  zealous  advocates,   and  ableft 
proftfibrs ;  it  is  high  riir.e  for  them,  after  fo  mucl^.. 
labour  in  vain,  fo  return  to  (b^HBoint  from  wiiciir   "^ 
they  fliould  have  fet  out,    4,  begin  rcl^B 

fider  the  great  agency  of  I  he  r.         ^^    \i  h  by  tlil  ^ 
tgency^  that  all  the    ©henonic^l^^^^rccivc  arc 
performed  ;  by  it  |i^fe>wth  or*        _^fiie  life  of 
ndividuals,  are  ft)]^^^  ^  ^nd  pn  ^   ihc 
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planets  are  maintained  in  rhcir  rcfpcclivt 
tions^  and  made  to  revolve  in  their  orbits. 

"  There  is  no  hope  iiL  the  prefcnt  mode 
philofophifing,  but  of  feeing  experiments  vandJ 
and  fads  multiplied  ;  and  tbey  may  be  thus  mdi 
plied  and  varied  to  eternity  uithout  advancing 
one  ftep  towards  a  knowledge  of  the  caufcs  ope 
ing  in  nature*  The  indcfacigablc  expcrimeoti 
may  proceed  for  ever,  and  £yiydcr  like  the  n. 
in  the  duft  he  r?u(es  ^bout  ^irpietiFi  but  byci 
tinu^lly  heaping  ifp  of  fa^s,  or  m^ing  ei, 
rimcnt$,  he  will  never  be  abje  to  trace  either 
n^iture  or  dcfign  of  the  opcratioas  carried  on  in 
fyflcm  of  things/*  For  the  Mniv^fe  is  a  fyflai^ 
in  which  all  the  pajrts  are  con0e<5tcd  ^nd  rebti 
and  matter,  as  a  part  of  the  created  worlds  has  i 
iion  /  but  he  who  would  uoderftand  the  nature  , 
motion^  by  confidering  motion  abftra^^lcdly^  {mi 
the  cafe  with  many  modern  pbilofopher?)  isfledp, 
ing  motion  from  that  which  has  no  mocion  beloif. 
ing  to  it.  There  is,  as  I  have  before  obfervd  a 
you/»o  infulated  fa&  in  nature  i  they  ^e  all  fyftc- 
matic,  or  mechanical^  having  a  double  references 
as  efFcds  to  their  caiifes,  ana  as  caufes  to  their  ef^ 
feds.  The  material  world  is  an  immenfc  bipdri 
compofcd,  like  our  own,  of  an  infinite  number  of 
parts,  fo  interwoven  together*  as  to  unite  in  ow 
common  center.  It  is  the  bufincfs  of  philofo^ 
phcrsto  point  out  thefe  connections,  and  roexplaig 
IV by  ihey  appear  to  us  Jt^parated^  and  thus  lead  ui 
to  that  principle  of  unity  which  harmonizes^  uA 
connects  dl  the  works  of  creation. 

But  alas,  you  find  the  philofopher  continiiiU 
ly  lofing  light  of  the  true  conftrueHon  of  jiatLrc,  ] 
and  endeavouring  to  biiildfyftems  upon  maii^rJ^^A 
pendenlly   coyijidered^  "  upon    which  he  qj  ^^^^ 
raife  fuch  a  wpfld  as  never  did  nor  can  ^jgl 
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u  empty  and  abfurd,  as  it  is  arbitrary/'  "  You 
find  phyficians  treating  of  tbe  nature  and  caufes 
^fdifeafes^  of  blemiihcs,  of  preternatural  appear- 
ances in  the  body  ;  but  wholly  indifferent,  and  al- 
together inattentive  to  the  proceedings  of  the 
bealiby  ctconomy :  you  will  find  an  hundred  diiTer- 
tations  on  fevers,  for  one  upon  life.  The  af/ion  of 
^itnuit,  and  the  irritability  of  the  living  fibre, 
have  been  the  fubjecls  of  many  ingenious  difcuf- 
fions ;  tbe  regular  and  uniform  aHion  of  tbe  fibre,  but 
of  few.  It  is  the  fame  with  philofophy;  we  have 
treatifes  on  ligbt,  as  feparated  and  divided  by  the 
prifm;  on  beat^z&nieafured  by  the  thermometer;  hut 
none  on  that  ocean  of  the  solar  fluid,  in  which 
all  bodies  are  as  it  were  immerfed  ;  none  upon  the 
various  influences  of  tbe  fun,  upon  which  the  na- 
tural life,  and  the  aiftivity  of  all  things  in  the  na-^ 
tural  world  depend.* 

If  we  look  into  artificial  nature,  we  (hall  eve* 
xy  where  find  a  want  of  known  agents.  Hence 
the  variety  and  changes  of  opinion  with  refped  to 
a  great  number  ot  phenomena  that  are  obferved 
in  our  laboratories ;  although  we  can  there  multi- 
ply and  vary  rlie  proccires,  and  thus  fubje^^l  our 
conjechires  to  experiment;  but  the  phenomena 
being  all  on  a  fmall  fcalc,  we  are  often  but  very 
little  flruck  with  circumdances,  that  may  in  them- 
fclves  be  very  imporianr,  and  which  are  daily  per- 
ceived. We  are  ditlij.cnt  of  the  exaCtnefs  of  our 
meafures  and  weights ;  wc  fufpecl  feme  foreign  in- 
fluence, from  the  vclleU  iilcJ,  from  the  djUMirity  in 
fubllances  of  the  fame  kind  and  namej^^^from 
fonie  unknown  action  of  rhe  air  and  v  ar,J 

yet,  unlefs  we  have  le  ^nt  to  be  fan.     ^^^h 

vague  conjedure,  wa^    ^^^ttend  to  ih 

•  Yourij 
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which  refulc  from  the  \mp^rrcStian%  and  iitacran. 
cics  of  ourcheoriei.  But  in  the  iai&rai^ty  qTiAi 
0imo/pbere,  all  the  pheaomcnm  arc  earned  m 
upon  a  fcale  proportioiitd  to  their  impofuace 
among  the  operations  of  nature^  which  can  beM* 
turbed  by  nothing  foreign  to  thefe  operatiofif, 
without  producing  fome  charadleriftic  phrrioinc* 
na  ;  every  thing  has  a  reference  co  the  zrfftl  itk(f» 
i.  e.  to  the  furface  of  our  globc^  whofe  ^if. 
tindl  partSf  as  minerals^  vegetables^  and  anmuls^c^ 
fcr  maflfes,  perpetually  changing  J  here,  rherefof Ci  cbe 
difagreement  of  theory  with  fafls^  muft  giicaL 
great  and  important  leflbns,*  ii^ 

If  you^  however,  compare  attentively  mtm- 
irological  phenomena  with  mii pbjficai meajura^^ 
barometer^  the  thernioniersr^  bygrometer^  ficc.  fon 
will  find  yourfelf  unable  to  reduce  chem  to  aif 
lawt  that  can  be  expreHed  by  the  range  of  tkft 
inftruments :  which  fliews  more  evidently,  thai 
any  thing  that  can  be  fecn  in  our  labomtorics^  tk 
neccffity  of  admitting  other  combinations,  thii 
thofe  that  are  known,  and  even  perhaps  other  ifi- 
gradients. 

The  meteorological  phenomena,  whofe  citifa 
wc  have  yet  to  explore,  are  thofe  that  arc  md 
common  and  the  molt  important  to  terraqueooi 
phyfics.  They  are  the  changes  of  b^ai  indcpcu- 
dent  of  feafons  and  latitude,  thofe  of  iinnds^  and  the 
variations  in  the  heights  of  a  local  iaromiUn 
the  viciflitiidcs  of  rj/;;,  and  fiiir  weather g  aerid 
elefiricit)\  and  magneii/mi  the  relations  of  the 
ftare  of  the  air  to  out  fenfathns ;  the  fmall  coOf 
ncction  we  find  between  vegetation,  (as  well  in 
ncral,  as  for  certain  particular  products)  and  the 
different    remarkable   characters  of    the   feafoni 
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All  thcfc  grand  lines  in  the  operations  of  nature 
on  ourglo.ic  are  to  us,  with  rcfpedl  to  the  produc- 
ing caulcs,  as  a  fcalcd  book. 

Th'j:;:  obiervririuns  on  the  chemlftry  of  nature 
arc  by  no  means  dcfigncd  to  leflen  your  eftcem  for 
that  of  our  hiboratoncs,  which  is  certainly  one  of 
the  principal  fources  of  all  the  true  fcicnce  we 
pofTefs.  They  arc  defigncd  to  lliew  you,  that  the 
fmalleft  meteorological  phenomena  Ihould  be  ftu- 
died  with  as  fcrupulous  an  attention,  as  that  we 
pay  to  the  modifications  of  a  little  ^/r  in  our  clofc 
vcffels;  for  itisthefc  phenomena  which  (hould  guide 
us  in  our  refearchcs  into  the  nature  of  the  latter. 

In  the  atmofphcre  every  caufc  produces  it's  cf- 
fedls :  thtfubtil  fluids  are  there  diUributed  accord- 
ing to  their  natural  tendencies ;  and  can  form  or 
dertroy  themfelvcs  differently,  in  different  times, 
different  foils,  different  climates :  the  winds^  which 
have  fcldom  been  confidcred,  but  as  more  or  lefs 
violent,  warm,  or  humid,  may,  with  rcfpedt  to  thcfc 
fluids,  anfwer  more  important  purpofes,  than  what 
have  yet  been  attributed  to  them.  In  a  word,  great 
general  caufes  act  in  the  atmofphere  from  which 
our  confined  air  is  fccludcd.  It  is  therefore  only 
by  letting  meieorolo^y  and  cbcmiftry  go  hand  in 
hand,  that  we  can  hope  to  be  fecure  from  error  in 
either  purfuit,  or  be  enabled  to  make  advances  to* 
ivards  real  knowledge. 

Our  refearchcs  into  the  nature  of  thefe  interelY-F 
ingobiedts  will  he  ever  vaguejandofcourfe  attended 
with  but  little  fuccefs,  till  we  have  fome  ccnaj 
theory  on  the  nature  of  expanf*  \6s^   and  i 

general   of  all  pbyfical  agents 
proper  to  obfcrvc,  that  ue  con 
jiCiil  laii^s  the  idea  of  r'-   •     ' 
pbemmcKd :    but   this 
phyiical  laws,  not  exc 
^re  only  gcneralifationi.  uai^ 
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with  many  phenomena,  where  the  real  agents  roa« 
fiitelt  themlelves,  and  whofe  laws   flow  from  the 
nature  of  thefe  agents:  it  is  to  fuch  as  thcfeonly 
that  the  idea  of  a  phyjiial  explanation  can  be  at- 
tached.    Thus,  to  aflign  to  phenomena  a  real  and 
determined  agents  acting  in  a  certain  manner,  and 
from  which  certain  effects  are  the  natural  conlc- 
quences  ;  and  to  Ihcw  that  the  laws  of  ihcfe  phe- 
nomena correfpond  thereto ;  is  really  to  explain  the 
phenomena.     Now  we  know  phenomena  enough, 
thus  connected  with  real  caufes,  to  enable  us  by 
analogy  to  extend  very  far  the  real  links  that  con- 
ncd  effects  one  with  the  other  in  nature ;  remem- 
bering always   to  coniidcr  true  agents  as   being 
more  and  more  general,  the  further  they  are  re- 
moved from  us,  or  fubordinate  as  they  approach 
us.     Thefe  are  the  proper  objeds  to  occupy  the 
attention  of  a  rational  pbilofopber,  as   they  alone 
can  form  the  foundation  of  rational  pby/ics,  one 
that  will  give  us  efficacious  aid  in  our  cxperimcn- 
tal  rcfcarchcs.     What  would  become  of  pradical 
mechanics,  if  in  elementary  mechanics  there  was 
no  f}  ftcm  of  it's  agents^  no   laws  prcvioufly  de- 
termined, which  they  lollow  when    they  operate? 
And  yet,  though  all   is  action  in  nature,  philofo- 
phers    fcarce    think    of     looking    for    the    true 
agents. 

Among  the  means  of  advancing  our  know- 
ledge in  meteorolo^^yy  arc  the  injlrnments  that  have 
been  contrived  to  alccrtain  the  variations  in  the 
weight  of  the  atmofphcrc  ;  it's  changes  with  rc- 
fpecc  to  Icmperatiirc  ;  the  degrees  of  kiimidity^  &c. 
If  every  one  who  is  in  poireliion  of  meteorological 
inftruments  would  keep  a  diurnal  regillcr  of  their 
ftate,  and  of  the  correfponding  phenomena  of  the 
atmofphere,  and  tranfniit  the  refult  of  hisobfer- 
vations  to  the  public,  he  would  contribute  more 
to  the  advancement  of  this  branch  of  fcicncc  than 

he 
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might  at  firft  imagine.     While  he  wa«  amufin^ 
elf,  and  gratifying  curiofity%  he  would  be  pro- 
ting  knowledge,  and  probably  procuring  bcae- 
for  poftcrity.     Let  no  one  fuffer  the  apparent 
robability  of  fuccefs  to  difcourage  him  from 
attempt*     Remember  that  fcitncc  advances  by 
and  gradual  Heps,  that  it's  progrefs  depends 
the  cultivation  of  the  mind,  the  acquifition  of 
$,  the  removal'  of  obftacles^  and  the  exertion^ 
individuals:  the  prcfent  is  ever  pregnant  wit lil^ 
future,  though  the  conueftion  between  theni, 
only  be  found  by  long  attention  and  diligenc 
Tervation.     A   regifter  for  prefcrving  what  no 
mory  can  retain,  becomes  an  authentic   docu- 
4  a  reference  from  which  fa<fU  may  be  com- 
and  compared,   ajid  thus  one  of  the  pureft\, 
irccs  of  pradical  knowledge.  To  indulge  ends  fb^ 
ionalj    to  as   great   an    extent  as    the  human 
^wers  can  reach,  and  with  as  much  enjoyment 
the  human  mind  can  bear.   Divine  Provipence. 
h  appointed  the   means,  whereby  each  man'si 
fmall  rtock  of  knowledge  and  truth  may  be  com* 
mttnuatcd  to  others  without  lofs  to  himfelf  j  andi, 
further,  how  it  may  be  placed  in  a  common  treafurj^^ 
for  every  man  to  draw  from  thence  whatever  hit^ 
occafions  or  inclinations  may  require*     Thcfe  ends'* 
rare  known  to  be  accompliOied,  the  tirft  by  fpeech^ 
^K    latter    by     writing     and   publtjhing  what   is 
^Pritten. 

^^  It  may  be  obferved  in  general,  that  meteoroh^ 
^fti?/  pbenomefja^  like  all  the  durable  motions  of 
^nc  univerfe,  depend  upon  a  circulaiion  of  matter^ 
Here  it  n  principally  carried  on  by  changing  of 
Water  into  a  new  form,  and  a  regeneration  of  ic 
agiin  into  it's  primitive  form.  It  goes  olf  from 
the  furface  of  the  earth  in  the  form  of  a  rare  in- 
vifiblc  expanded  vapour;  in  the  atmofphcre  it's 
te  is  changed,  and  from  that  of  vapour  to  an 

aeriforjn 
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aeriform  fluid ;  by  fome  unkilbwn  caufe  it  is  ^pt 
chained  into  mift  and  cloudij  is  then  gathered 
to  drops  when  ic  fallt«  and  in  this  form  it  recur 
to  the  place  from  whence  it  came^  to  tateii'i 
turn  bnce  more  in  the  common  courfe  of  cii>apo^ 
tbti;  and  be  asXin  andanih  cLrcuIaied  to  the  grnt 
f^mpcualry  of  the  wbrldl' 

V';jTt*  principal*  ojycifla  therefore  of  inqiiirf 
are/ift;  In  what  manhei'theatnYorphere  is  fuppli- 
cd  with  humidity'?  adly.  What  caures  and  what  prt- 
vbits  inpifiifit  humidity  from  being   fomKd  info 
clouds  ^'Andj  Jdly,  What  occafions  and  what  pre-  I 
vtftlts  vi'fible  clouds  from  being  preciptt^itcd  in  \ 
r<£tl^Thsrt  is»  to  know  the  various  Batiamings  o/tk  , 
thuds,  and  learn  how  fuch  ponderous   materially 
are  fufpended  in  the  air  ?  And  Jbazi;  ibe  waters  ^nfl 
iViknd  up  in  the  thick  clouds  f 

•  As  one  of  the  principal  means  of  anfwering 
thefc  inquiries  are  the  inftrumcnts  ufcd  to  dif- 
cover  the  changes  in  the  atmofphcre,  I  fhall  firll 
defcribc  thefc,  and  then  proceed  to  gi  v  e  you  fomc 
account  of  meteorological  phenomena.  The  in- 
ftruments  in  general  ufe  are,  i.  a  barometer:  a. 
a  thermometer:  3.  an  hygrometer:  4.  a  xiifl- 
guage:  5.  an  eledlrometer. 

Of  the  Barometer. 

In    treating  of  the  barometer,  I   (hall  have 
only  to  enlarge  on  fome  circumftances  that  were 
but  (lightly  noticed,  when  I  explained  this  inftni- 
ment  to  you  in  my  fecond  Ledure.     The  barome- 
ter,  as  I  there  {hewed  you,  coniifts  of  a  ftiaijt^ 
glafs  tube,  about  thirty-two  inches  long,  open 
one  end  and  clofc  at  the  other ;  this  rube  is  t 
filled  with  mercury,  and  then  inverted  in  a  b 
^f  the  fame  fluid,  by  applying  a  finger  to 
open  end,  fo  as  to  prevent  any  air  from  enterj 

•1 
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tube ;  when  the  open  end  of  the  tube  is  im- 
rrgcd  beneath  the  lurfaccof  the  mercury  in  the 
fon,  the  finger  is  withdrawn  ;  the  tube  being 
iw  let  upright,  the  mercury  dcfccnds,  leaving  the 
of  the  tube^  and  fabfiding  till  it  has  attained  a* 
rtain  diftancc  from  the  furface  of  that  in  the 
fon;  thiB  is  more  or  lefs,  according  to  the  ftatc 
the  air  at  the  time  of  making  the  experiment* 
le  tube  is  then  fixed  ro  a  frame  with  a  fcale  an* 
rxcdt  to  lliew  at  all  times  the  height  of  themcr- 
rial  column. 

From  the  method  of  filling  the  tube,  the  air  is, 
deluded  from  the  top  of  the  column*  or  that  part 
the  tube  above  the  furface  of  the  mercury  in  the 
jc.     The  external  air  prefTes   upon  the  quick- 
Ivcr  in  the  ciftcrn,  aad  fuflains,  by  it*s  prefTure 
a  contrary  direction,  a  column  equal  in  weight 
itftlf.  For  it  is  evident^  that  the  mercury  rWtij- 
\urs  to  defcend  with  a  force  equal  to  that  by  which 
^•j  dfjcent  is  prfucftted.     In  other  words,  the  prcf- 
re  of  the  atmofphere  on  a  given  furface  is  equal 
the  weight  ot  a  column  of  mercury,  whofe  bafc 
the  given  furface^  and  height  equal   to  that  of 
le  atmofphere.     The   hei^t.t  of  the  mercury  is 
therefore  an  adequate  mcafur^  of  the  weight  or 
jreffure  of  the   air  upon   a    furface  equal  to  the 
fc  of  the  tube  containing  the  mercury. 

The  truth  of  this  rcafoning,  I  have  confirmed 
fcvcral  experiments  exhibited  in  my  fecond 
.crture  ;  you  there  faw,  when  a  barometer  was 
placed  under  a  receiver,  that  in  proportion  as  the 
lir  was  exhauftcd  from  the  furface  of  the  mercury, 
the  baibn,  the  column  m  the  tube  dclccnd- 
till  at  laft  they  were  nearly  on  the  fame  level. 
ie  baromcter-gUJigc  exhibited  the  reverfe  of  this 
cperiment,  for  you  there  law  the  mercury  rife  ia 
flc  tube  in  proportion  as  the  air  was  exhauftcd 
therefrom,  the  open  air  prcHing  at  the  fame  time 

upon 
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iJpon  the  furface  of  the  mercury  in  the  bajlk 
What  is  thus  exhibited  hf  our  inrtruments  ii  coi^ 
firmed  by  nature,  for  the  higher  we  aft  cud  m 
the   atmofphcre^    the    iliorter   is    the   column  rf 

W  The  haromcler  wiib  a  JfraU  iuBe^  as  orig^ 
P.jially  contrived  by  TorricelliuSj  is  preferable  loiH 
the  rubfequent  variations  in  it's  form*  When  if 
-^as  found  chat  ,the  different  heights  of  rheinn^ 
cury  in  the  barometer  w<  in  fonne  mcafyre  cos- 
-neftcd  with  the  ft  ate  of  the  weather^  the  philofc 
pher  and  artlft  endeavoured  to  vary  the  fortnif 
the  inftrumtntj  hence  a  iriety  of  conlhrtrfliotf 
more  or  Icfs  accurate  acco  ting  to  the  views  of  tte 
inventors^  and  the  diftanceio  which  they  rcmovrf 
.    the  barometer  from  it's  original  fiinplieity. 

They  thought  that  by  augmenting  fbe/ca!f<i 
the  barometer^  and  thus  :ndcring  the  variatioi* 
of  the  mercury  more  ft nfi  le,  they  fhould  fnnMf 
difcover  the  minute  changes  of  the  atmofphcrc, 
and  the  caufes  \fhich  otcafioncd  them;  unfortu- 
nately by  altering  the  conftruftion  of  this  inftm^ 
menr,  they  only  multiplietl  errors,  and  rcndcrrf 
it  lefs  capable  of  anfwering  the  purpofes  for  wtiicfi 
it  was  dcfigned.  Some  ofthefc  forms  may  appnr 
more  degant  than  the  plain  barometerj  but  none 
of  them  can  be  depended  upon  for  keeping  an  at- 
curate  regifter  of  the  weather,  or  for  obferving 
the  extent  of  the  variation  thereof  in  any  givcfl 
Utuation,  or  rompariiTg  the  difTcrent  changes  at 
one  place  with  correfponding  ones  at  anothcr- 
Hence  it  is  necefTary  to  point  out  to  you  what  is 
rcquilite  tcfconftitutc  a  good  barometer. 
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Of  some  of  the  principal  ReciyisiTEs  of  a 
Gooi>  Barometer.* 

1.  It  is  requifite  that  the  height  of  the  column 
of  mercury  be  altered  by  no  other  caufes  but  the 
^han^es  that  arifc  from  the  prcflurc  of  the  air^ 
and  that  thefe  changes  be  truly  indicated. 

2.  That  the  variations  in  the  height  of  the 
column  be  afcertained  by  a  known  mcafure. 

3.  That  the  column  of  mercury  be  fufceptibic 
of  the  fmallefl  alterations  in  the  weight  of  the 
air. 

In  order  that  the  column  of  mercury,  in  the 
tube,   may  be  afFeclcd  by  no  other  caufc  than  the 
preiTure  of  the  air,   it  is  abfblutcly  requifite,  that 
the  upper  part  of  the  tube,  and  the  mercury  itfelf, 
be  entirely  freed  from  air;    for  if  there  be  any  air 
between  the  upper  furface  of  the  column  of  mer- 
cury and  the  fcalcd  end  of  the  tube,  it  will  be  the 
Iburce    of    many  errors   and   much  irregularity. 
The  included  air  will  ad  as  a  countcrpoife  againft 
tjic   weight   of  the  atmofphcrc,  and  to  a  certain 
degree    counteract  it's    preflurc,   and,    therefore, 
render  the  indication  of  the  inHrumcnt  uncertain 
and  erroneous.     This  included  air,  beingalfo  often 
combined  with   humidity,  expanded  by   heat,  or 
contraded   by   cold,  acls  diilcrcntly  at   differciu 
times:  the  only  method  of  ^  rcvcnring  thcfe  erro^^» 
and  perfectly  excKidin-  the  air  from  the  baron^e- 
tcr,   is  by  boiling  the  wrj\urx  in  the  tube:    an  Ope- 
ration which  is  caiciully  pcrfoniicd  in  all  the  ^^^ 
inftruments.  >^ 

To  BOIL  tiij^Olickstlver 

Choofe  a  tube  not 
Vol.  IV. 

•  See  my  D; 

f  De  Luc's  R^cheii 
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with  a  bore  about  three  or  four  twentieths  of  t 

inch  in  diameter,  but  not  more  ;  and  chat  ic  lu 

be  fufficiently  ftrong,  it  ihould  be  nearly  as  thk 

on  all  fides  as  the  diameter  of  the  bore.     Let  chi 

tube  be  nicely  fealed  or  clofed  at  one  end,  and  a 

clean  as  poffible  ;  fill  the  tube  with  pure  mcran 

to  within  two  inches  of  the  top,  and  then  hoM  1 

with  the  fealed  end  loweft  in  an  inclined  poiitifl 

over  a  chafing-difti  of  burning  charcoal,  pUcc 

near  the  edge  of  a  table,  in  order  that  all  partsc 

the  tube  may  be  expofed  fucceflivcly  to  the  actio 

of  the  fire,  by  moving  it  obliquely  over  the  chil 

ing-difli.     liie  fealed  end  is  to  be  firft  graduall 

prefented  to  the  fire ;  as  foon  as  the  mercury  h 

comes  hot,  the  internal  furface  of  the  tube  wiilli 

ftudded  with  an  infinite  number  of  air-bubbk 

giving  the  mercury  a  kind  of  grey  colour ;  ihd 

incrcafe  in  fize  by  running  into  one  another,  a 

afcend  towards  the  higher  parts  of  the  tube,  who 

^uccting  with  a  cooler  part  of  the  fluid  thcyai 

condcnfed  and  nearly  difappcar.      In   confcqucr.( 

however    of  fuccclRvc   emigrations    towards  tli 

upper  parts  of  the  tube   which   are  fiicceilirt! 

heated,  they    finally  acquire  a  bulk  which  cnaW 

them  in  their  united  form  entirely  to  cfcape.  \M»: 

the    firll    part    of  the   tube   is  fufficiently  boila 

move   it  onward   by   little   and   little  thronuhu 

uholc   length  of  the    tube.     When  the  n^rcu 

boils,    it's    parts   ftrikc  agtiinft   each   other,  a: 

againft  the  lidcs  of  the  tube  with  fuch   \:oIcjic 

that  a  ptribi^.  unacquainted  uiih  the  operation  ft 

turally  apprehends  the  deltruction  of  his  tube. 

'I'he  <xreat  advantages    that  rcfiilr   from  A 
operation  appear  to  be   ihcfe  :   the    w  hole  body! 
tiic  mercury,  aiid  the  iiueri(.r  Airfacc  of  thenrilj 
arc  hereby  fre^d  \i\iv.\  vA\  rhe  niinute  and 
c.eptibk  panicles  r;f  dm}  and  moillurd  whi 
gLnwrall/    contain,  and  of  the    little  a* 
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^\iAt  are  fcen  to  furround  them;  which^  during 
'the  tumultuous  motions  of  the  mercury,  are  vifibly 
-driven  up  towards  it's  furface,  and  expelled.     The 
■^tube  and  the  mercury  are  deprived  likewife  of  all 
■the  air  that  can  be  expelled  from  them^  and  par- 
ticularly from    the    furface   of  the  former,     by 
the  violent  heat  and  agitation  of  boiling  quick- 
silver.    As  that  heat  too  is  a  determinate  or  fixed 
rouantity,  it's  effcdts  in  expelling  the  air  from  dif- 
-icrent  tubes  will  be  nearly  equal  •  fo  that  though 
Ibme  fmall  portion  of  air  may  ftill  be  left  in  them^ 
there  can  be   no  difference  in  the  quantity  of  it 
remaining  in  different  tubes  thus  uniformly  treats* 
::cd.     Accordingly,  the  barometers  thus  prepared 
|lot  only  (land  higher  than  thofe  which  have  not 
:lindergone  this  procefs  ;  but  at  the  fame  time  they 
pretty  accurately  correfpond  with  each  other. 
1  M.  De  Luc  obfcrves,  that  the  greateft  part  of 

;thc  air  which  is  expelled  during  the  procefs,  pro- 
.occeds  from  the  internal  furface  of  the  tube,  where 
yit  feems  to  have  formed  a  thin  firatum  or  lining  of 
|ur,  which  cannot  be  diflodged  from  thence 
l>y  the  mercury  introduced  into  the  tube  in  the 
common  manner^  but  requires  the  violent  heat 
^nd  agitation  of  boiling  quickiilver  to  detach  it. 
But  it  is  very  remarkable,  that,  after  this  aerial 
coiiing  has  been  once  cffedlually  feparated  and  ex- 
pelled, if  the  tube  be  emptied,  and  fome  other> 
even  cold,  mercury  be  introduced  into  it,  the  baro- 
meter thus  exti'mporaneoujly  made,  wilt  be  nearly 
as  perfed,  or  as  free  from  air,  as  before^  It  will 
ftand  nearly  as  high  as  it  did  when  it  contained  the 
that  h.icf  been  boil  it ;  if  the  fame 

ftudded  with 

ation ;  when 

the  tubes 

a  file- 

jnercuf)^ 
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generally  remains  fufpended  3t  rop^  and  will  not 
defcend  to  ir's  proper  level  without  fKakrr^thc 
tube  to  brine  it  down. 

That  t^e  changes  in  the  height  of  the  mcr» 
curial  column  maybe  truly  afccrrnincd,  itisne* 
ceflary  to  know  at  all  time^  the  cjcact  diJbnce 
the  furfaceof  the  mercury  in  the  tabe,  from 
furfac^  m  fhr  rrfcrvoir  or  ciftern. 

The  iVrft  point  of  the  meafure  muft  commence 
from    the  furfacc  of  the  mercury  in  the  ciflemi 
but  this  furface  is  %'ariable,  for  when  the  mercttfy 
dcfccnds,  a  quantity  of  it  falls  into  the  bafiin,  zoi 
railcs  the  furface  thereof ;  and  on    the  cont 
when  it  rifcs,   a  quantity  is  taken  out  ofthecifli 
and  the  furfacc  thereof  is  lowered.     1  he  fcale 
inches  to  the  barometer  is  fixed  ;  but  the  fu 
of  the  mercury  in  the  ciftern  from  which  it  origi 
nates  is  continually  varying.     To  remedy  thiscvil 
it  is  necefl'ary  that  the  lower  furface  Ihould  bcaf 
m^ay»  kept  at  the  fame  height  from  the  diviftoi 
on  the  fcale  affixed  to   the  inllrumenu     This 
cffeaed  by  means  of  a  floating  guagc,  \ihich  w; 
firfl  applied  to  the  barometer  by  f/ty  Jaibrr,  thougl 
others  have,  Uncc  his  time,   aflumed  the  merit  n 
themfelves.     By  means  of  the  floating  g^'-^g**!  ^^^ 
fame  Icrcw   that   renders  the  barometer  p<3rribl< 
regulates  the  furface  of  the  mercury  in  the  ciftcn 
fo  that  it  is  ah\ays  at  the  place  from   whcDCetl 
divifions  on  the  fcale  commence.     This  guagc 
never  applied  to  the  common  portable  baromerci 
but  only  to  thofc  uf  the  belt  kmd» 

Another  ciicunUlancc  necelfary  to  be  atcci 
ed  to  in  very  accurate  obfervatiuns,  is  thectfW 
of  heat  and  cold  on  the  barometer,  as  by  ihcfc  ibe 
mercurial  colifmn  is  cither  dilated  or  contradcd; 
far  as  all  bodies  expand  and  occupy  larger  fpacc* 
when  their  temperature  is  mcreafcd,  the  mcrcurf 
in  the  barometer   will,  ^hcn   heated^  be  fpccifi- 
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::Cally  lighter,  and  will  confequentljr  afccnd  from 
..  that  caufc,  though  the  preflure  of  the  air  (hould 
remain  unchanged ;  and  therefore,  in  order  to 
know  accurately  the  effcd  of  the  air's  preflurc 
on  the  barometer  it  is  neccflary  to  correct  the  • 
height  by  the  addition  or  fubtraQion  of  a  quanti- 
ty equal  to  the  influence  of  the  tenr.perature  of 
the  air  thereon.  In  fome  cafes  a  fcalc  of  cor- 
redlion  is  applied  to  the  thermometer  accompany- 
ing the  barometer,  and  which  is  indeed  a  neceifary 
companion  to  it. 

2d.  Condition.  That  the  fcalc  (hould  be  of 
Ibme  known  meafure.  It  would  have  been  totally 
tinneceflTary  to  have  mentioned  this  condition,  had 
it  not  been  to  prevent  you  from  being  impofed 
upon  by  venders  of  imperfect  inftrumcnts.  Some 
of  thefe  inftrumcnts  have  no  determinate  fcale 
affixed  to  them  ;  and  thcfc  which  have  a  fcale,  have 
one  that  is  in  general  ill  graduated  and  erroncoufly 
placed,  fo  that  no  comparative  obfcrvations  can  be 
made  with  them  ;  and  often,  indeed,  no  obfcr- 
vation  at  all  ;  as  from  the  fmall  bore  of  the  tube, 
they  adt  as  a  thermometer,  as  well  as  a  barometer. 
I  have  already  obfcrved,  that  by  enlarging  the  fcale, 
error  is  multiplied,  and  uncertainty  produced. 

3d.  Condition.  That  the  fmalleft  changes  in 
the  height  of  the  column  of  mercury  may  be  dif- 
cerned. 

To  meafure  the  fmalleft  changes,  a  nonius 
divifion  moves  with  the  index,  by  which  each  inch 
is  fubdividcd  into  100  parts,  and  the  height  of 
the  mercury   is  accurately  obtained   without  any 


danger   from    parallax,  by  C^^ 
tion  of  the  index.                   ^^ 

|a^ 

conitruc- 

1^                     ^^^DfTHE  Noi^^ 

2 

^^[hc  Tc.   ^^^Hb  affiufl 

1 

feffhc  fide 
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of  the  tube,  the  zero  or  beginning  of  the  fcaii 
being  at  the  furface  of  the  mercury  in  the  ciftoiii 
the  index  and  it's  nonius  plate  flide  up  and  dim 
in  a  groove,  which  is  pstrallel  to  the  line  of  inchc% 
that  the  index  may  be  fet  at  any  time  to  the  upper 
furface  of  the  column  of  mercury. 

Each  inch,  or  line  of  inches^  is  divided  inta 
ten  parts,  which  are  again  fubdivided  into  ten,  bf 
means  of  the  nonius  fcalc  ;  the  whole  inch  being 
thereby  divided  into  ipo  equal  parts. 

To  READ  OFF,   OR  ESTIMATE  THE  DIVISIONS  OF 

THE  Nonius ScAtE. 

I.  If  that  edge  of  the  nonius  fcale^  which  ii 
in  a  line  with  the  index,  coincides  exadrly  widi 
any  divifion  on  the  line  of  inches^  that  divifioQ 
cxpreffes  the  height  of  the  index  from  the  furiace 
of  the  mercury  in  the  ciftcrn,  in  inches  and  tcndii 
of  inches,  But  2dly,  If  the  foregoing  edge  does 
not  coincidt  with  any  divifion,  you  jnuft  lookfor 
that  div  ilion  of  the  nonius,  which  coincides  with  a 
divifion  in  the  line  of  inches,  and  the  numberon 
the  nonius  fliews  how  many  tcntJi  parts  of  the 
tenth,  the  index  or  edge  has  paflTed  the  laftdeci- 
mal  divifion.  Thus  for  example,  fuppofc  the  edge 
of  the  nonius  was  to  point  fume  where  between 
29  inches  8  tenths,  and  29  inches  9  tenths;  then 
if  by  looking  at  the  nonius,  you  obferve  the  coin- 
cidence at  5,  it  ftiews  the  altitude  to  be  29  inches 
8  tenths  and  5  parts  of  another  tenth,  or 
29,  85. 

Of  the  common  Portable  Barometer. 

This  infl:rument,  when  made  with  care,  will 
anfvver  for  general  and  domeftic  obfervation,  but  il 
not  fufficicntly  accurate  forphilofophicalpurpofci. 
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Iconfifts  of  a  tubc^  of  a  proper  length,  accurate- 

[filled  with  mercury  ;  the  lower  end  of  the  tube 

{lued  to  a    wooden   refervoir,    the   bottom  of 

ich  is  formed  of  leather;  into  this  refervoir  the 

rrfluous  mercury  defccnds^  and  the  air,  by  pref- 

^  upon  the  flexible  leather  at  the  bottom  of  the 

trvoir,  keeps  the  mercury  fufjiended  at  it's  pro^ 

height*     This  refervoir  is  concealed  from  the 

by  a  neat  mahogany  cover,  or  box*     This  tube 

refervoir  are  placed  in  a  frame,  on  the  upper 

irt  of  which  is  a   filvered    brafs  plate  ;  on    the 

jht  hand  fide  of  this  plate  is  a   fcale  of  inches, 

:koncd  from  the  furfoce  of  the  mercury   in   the 

lern  ;  each  inch  is  divided  into  ten  parts.    Clofc 

Ithe  line  of  inches  there  is  a  flit,  or  groove,  for 

ivcniently  fliding  the  nonius  fcalc  and  index  up 

*  down.     The  upper  edge  of  the  index  and  no^ 

|S  fcale  arc  in  a  line.     It  is  the  upper  edge  of  the 

lex  that  is  to  be  fet  to  the  upper  furface  of  the 

frcury.     On  the  left-hand  fide  of  the  plate,  the 

rds  FAIR,  CHANGEABLE,  RAIN,  are  engravcd.    At 

bottom  of  the  frame   there  is  a   fcrew   pafling 

jgh  the  mahogany  box  which  covers  the  re- 

voir ;  a  fiat  round  plate  is  placed  upon  the  end 

[the  fcrew  within  the  box  ;  this  end  is  dcligned 

)refsupoii  the  leather  bag,  and  force  the  mercu- 

fiip  to  the  top  of  the    ruhe,  and  thus  prevent  ij;. 

Ihaking,  or  violently  Ilriking  againft  the  ta( 

the  tube  when  tranfportcd   from  one  place 

jthcr. 

To  USE  THE  PoRTi 


i«  Sufpend  it  agaii 
^  the  tube  may  be 
in, 

a-  Unfcrew  the  fcrcK 
le  as  low  as  it  will 


490    Lectuubs  om  NATiFRit  Pbilosopht. 


pnorting  the  inftrtmicnt  iafely  from  one  flbct  to 
tnodier. 

The  giisige  confifts  of  a  finall  ftetn  tSim 
ry,  arifing  from  a  float  of  the  £iine  fib* 
fhoice ;  a  circular  divifion  ia  cut  round  thiiftnai 
the  flem  pafles  through  a  fiiort-  cylinder  of  m^ 
ry>  ivhich  is  cut  open  in  front ;  o«  this  bm 
two  fmali  divifions  are  cut »  9t  the  bottom  of 
this  cylinder  is  a  male  fcrew>  to  fit  the  fcimk 
icrew  of  the  ciftern  ;  the  upper  part  of  dM 
guagc  is  proteded  by  a  tube  of  glaj&  perfibmri 
at  top. 

To  USB  THIS  Barombtbh. 

1.  The  barometer  being  fixed  in  a  perpendir 
cular  poiition^  unfcrew  the  Icrew  ac  bottom  at  bf 
n  it  Mrill  go  without  forcing  it. 

a.  Take  out  the  ivory  krrew  at  the  top  of  the 
ciftern>  and  place  it  between  the  fcroleson  theup* 
per  part  of  the  frame. 

3.  Screw  the  g.uagc  into  the  place  from 
♦Jicncc  the  ivory  fcrcw  was  taken. 

4.  Screw  up  that  fcrew  which  is  at  the  bottom 
of  the  frame,  until  the  line  on  the  float  exactly 
coincides  with  the  two  lines  on  the  front  of  rht 
iv9ry  cylinder. 

5.  Strike  the  barometer  gently  with  the 
knuckles,  and  then  fo  fet  the  lower  edge  of  the 
front  index  to  the  convex  furface  of  the  mercury 
that  it  may  be  at  the  fame  time  in  a  line  with  the 
edge  of  the  index  behind  the  tube ;  and  the  noniui 
will  then  give  the  true  height  of  the  mercut^ 
(Column,  from  the  furface  of  the  mercury  im* 
cittern. 

6.  The  preceding  rule  for  fetting  the  j 
muft  be  complied  with  previous  to  every  obi 
Jion, 
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On  the  upper  part  of  the  frame  a  brafs   plate 
placed;   on  ihc  right-hand  lidc   of  the  tube  a 
Dale  of  inches  is  prpaduated  on  the  plate,   the  be* 
jfinningol  the  fcalc   being    at  the   furface  of  the 
lercury  in  the  ciflern:    each  inch   is  divided  into 
?n  parts,  v^hich  arc  again  fubdividcd  into  tenthi 
iy  the  nonius  fcale. 

The  noniu-i  plate  carries  two  indexes,  exaiily 
imilar  to  each  other,  one  placed  before  the  rube, 
've  other  behind  it.  The  indexes  may  be  raifed  or 
lepreired,  by  turning  the  key,  which  fits  into  a 
"  \a\t  hole  in  the  frame,  dire^^tly  under  the  groove 
if  the  nonius  plate. 

On  the  left  hand  of  the  tube  a  fmall  thcrmo- 

>eter  is  placed^  with   Fahrenheit's  fcale;  there   is 

^n  index  to  the  thermometer,  which  may  be  fet  by 

le  fame  key  as  the  barometer,  only  putting  it  in- 

the  fmall  hole  under  the  thermometer,  and  turn- 

ig  it  round  till  the  index  points  to  the  mercury  in 

le  thermometer.     A  fcale  for  correcting  the  ex- 

^anfion   of    the    mercury    in    the    barometer,    it 

often   graduated  clofe    to  the  fcale  of  the  thcr- 

momcter. 

The  upper  part  of  the  barometer  is  covered 
with  a  glafs  plate,  to  prevent  the  filvering  of  the 
plate  from  being  injured  by  dirt^  o^;  being  corrod- 
ed by  the  atltion  of  the  air. 

Of  the  lower  Part  of  the  Barometer. 


The  lower  end  of  the  tube  is  immcrfed  in  the 
eiftern  which  contains  the  mercury;  the  ciftern  if 
covered  with  a  mahogany  box  •»  at  the  bottom  of 
the  frame  is  a  fcrcvi,  to  raifcor  lower  the  furface 
of  the  mercury;  at  the  top  of  the  ciftern  is  a  hoIc« 
x^hich  is  fitted  with  an  ivory  fcrew^  to  be  placed 
there  occalionally  for  the  conveiiiency  of  tranf- 

porting 
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No  inftrumrnt  is  of  more  importance  for  mak- 
ing  dilcoverics  in  meteorology  than  the  ihcr- 
inomcter,  as  it  points  out  the  temperature  or  de- 
cree of  heat  ot  the  air  and  other  bodies.  Heat 
and  cold  are  perceptions,  the  ideas  of  which  we 
acquire  by  the  fenfcs.  Our  fenfaiions  are  however 
inadequate  mcatiires  of  heat  and  cold,  for  they  de- 
pend  not  only  on  the  fubftance  which  excite  them, 
but  on  the  adtual  flate  of  our  bodies  at  that  time: 
VfC  cannot,  therefore,  conclude  the  exact  identity 
or  fimilarity  of  the  caufe,  from  the  famenefs  of  the 
fcnfations,  unlefs  v  e  can  be  affured  that  our  bodies 
are  in  the  fame  itate :  if  they  be  not,  the  fame  ob- 
jecls  will  produce  very  different  fenfations.  Thus 
if  the  hand  be  plunged  into  lukewarm  water,  this 
water  will  appear  cold  if  the  hand  be  warm;  but 
if  the  hand  be  cold,  the  water  will  appear  to  be 
warm  ;  though  in  both  cafes  it  pofTeffcs  the  fame 
temperature. 

Our  fenfes  are,  therefore,  both  imperfeft  and 
deceitful  mcafurcs  of  heat ;  and  we  cannot  afccr- 
lain,  by  their  means  only,  the  ftate  of  the  furround- 
ing  bodies  with  refped  to  heat  or  cold.  This  oc- 
calioncd  philofophers  to  feek  for  fome  method  by 
which  they  might  determine  the  temperature  of 
bodies  v^'ith  more  certainty.  This  they  found  in 
the  property  of  fire  to  dilate  and  expand  all  bo- 
dies, w  hethcr  folid  or  fluid  ;  and  of  cold,  to  con- 
tract or  condenfe  them.  This  expanfion  and  cor^ 
tra(^lion  is  confidered  as  a  meafure  infinitely  more 
certain  of  the  degrees  of  heat  and  cold,  than  the 
fenfes. 

It  would  appear  from  this  expanfion,  that  firf» 
when  it  is  agitated  by   that   motion  which  we  call 
Jbfat,  always  a(fted  as  if  it  wanted  more  room,  and 
this  in  fuch  a  wonderful  manner,  as  if  every  parti- 
cle 
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of  fpacc  in  which  it  exifts  were  a  radiant  point 
ccnrer,  from  whence  it  fprcads  forcibly  outward* 
every  dircftion;  and    confcqucncly  when  fire^ 
IS  ading,  is  admitted  into  the  pores  of  bodies, 
nr  parts  muft  be  ftrctched  out,  and  their  dimen- 
>ns  every  way  increafed,  according  to  the  degree 
fire  by  which  they  are  adted  on.     Some  idea  of 
|c  force  of  this  expantion  may  be  gained  by  con- 
Icring  how  vafl:  a  weight  may  be  fufpended  from 
5ar  of  iron,  or  brafs,  in  a  vertical  polition^  with- 
it  feparating  the  parts  of  the  metal,  or  ovcrcom- 
Ig  the  force  with  which  they  cohere.     Now  this, 
ealily  executes,  fo  far  relaxing  the  texture  of 
ifs  and  iron,  that  their  parts  ^A]U   fall  afundcr 
[ith  nothing  but  the  force  of  gravity. 

Tbermometers  are  tn(irumfnts  which  mcafure  the 
rree  of  heal  h  ibe  expanfton  of  bodies,  fluids 
thofe  generally  ufed,  bccaufe  they  are  dilated 
lore  readily  than  folids ;  and  quickiilver  is  pre- 
^rrcd  to  other  Huids,  becaufc  it's  cxpaniibility  is 
^ot  affe<5led  by  the  different  circumflances  m 
^H'hich  it  is  placed  j  it  does  not  foil  the  tube  like 
|kiany  other  Huids/  and  at  the  fame  time  affords  an 
^■itenlive  fcale  of  divihons. 

^P  A  thermometer  is  a  tube  of  glafs,  the  end  of 
which  is  blown  into  a  ball  or  cylmder  ;  the  ball, 
and  part  of  the  tube,  is  fiikd  w  ith  niercury.  The 
fluid  in  the  ball  dilates  b)  the  heat,  and  contraCU 
^ith  the  cold,  which  occasions  the  Huid  in  the 
ibe  to  rife  and  fall;  and  the  fmaller  the*  bore  of 
ic  tube  is  in  proportion  to  the  ball,  the  more  vi- 
>Ie  will  be  the  rife  of  the  fluid  by  a  fmall  expaa* 
5n*  We  may,  therefore^  confidcr  this  initru- 
Icnt  as  a  convenient  meafure  of  the  changes  of 
eat  and  cold,  which  is  llicv.n  by  the  fcalc  to 
rhich  the  tube  is  affixed. 

,     But  it  is  not  fulhcient  to   have  found  a  mea- 
gre of  heat;  it  mult  be  univerfal,  always  fpeak* 
*  ing 
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kigthe  fame  language^  and  avakiag  dMiaoie|M|] 
uk  the  mind,  in  all  placca^  and  at  mil  cnci.        ' 

To  this  end  it  it  neceffiuy*  i»  Tint  cUll 
fure  fiiould  begin  from  a  known  and  dtitenp 
point.  And,  a.  That  another  pointy  eq/uUifi 
tain  as  the  firft,  but  at  Ibme  dillance  mm  i^  k 
fixed  upon.  And,  3.  That  the  (pace  bctwcot  thai 
be  divided  into  a  ceitaiii  number  of  pui^ 
which  in  all  inftruments  will  have  acpftfiaai  ft^ 
portion. 

It  has  been  fully  pniived,  that  the  tempetatM 
0/ freezing  water,  or  melting  ice,  ia  confiajitif  A|f 
fiunc  in  all  places,  and  at  all  times*  The  ftmc  mf 
be  faid  of  ioilikg  water,  under  a  given  ft^un  if 
the  atmqfpbere.  If,  therefore,  «the  ball  of  a  thcr« 
mometer  be  plunged  into  melting  ice»  and  after** 
wards  into  boiling  water,  and  left  in  each  till  itacr 

auires  their  temperature,  and  marks  are  made  at 
\t  refpedive  heights  at  which  the  mercury  fhodi 
in  each,  two  fixed  points  will  be  obtained.  To  be 
more  particular: 

H^ben  ice  is  at  the  melting  temperature,  what^ 
ever  be  the  beat  you  apply  to  it,  it  doe^  not  become 
hoiten  a  thermometer  in  the  middle  of  the  mafs# 
continually  Oands  at  the  thawing  point  as  long  as 
any  of  the  ice  remains  about  it,  fo  that  the  fame 
caufc,  which  in  other  circumftances  ivouid  produce 
beat^  here  only  produces  liquifaffion.  Hence  it  is, 
that  melting  ice,  or  freezing  water,  is  fo  well 
adapted  for  giving  one  of  the  fixed  points  of  a 
thermometer.  The  quantity  of  Jire  ahforbed  by  ice 
in  melting,  is  fuch  as  would  increafe  the  tempera- 
ture  of  the  water  about  1 40  degrees :  convcrfclj^ 
water  may  be  cooled  1 8  degrees  below  the  freeze 
tjtg  point,  without  freezing:  congelation  cannoC 
take  place  till  a  certain  portion  of  the  combined 
or  latent  fire  is  difengaged  ;  when  any  part  does 
mgeal,  the  fir^  let  Ioor«',  raifes  the  thermomeier 

I  to 
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to  the  freezing  pointy  and  it  continues  there  till 
the  water  is  frozen;  after  which,  as  the  water  in 
the  lirft  cafe,  fo  the  ice  in  the  latter,  obeys  the  ex- 
ternal temperature. 

Continual  acceflion  of  fire  arrives  at  water 
when  boiling,  without  increaiing  the  heat  there-* 
of;  iox  etiUlition,  under  any  given  preflure,  can- 
not take  place,  till  the  vapour  produced  in  the  li- 
J|Uid,  has  <^aincd  a  degree  of  expanfive  force^ 
uflicient  to  raife  the  liquor  into  bubbles ;  under 
that  prelTure,  and  fo  long  as  the  vapour  retains  this 
heat,  it  muft  continue  capable  of  refilling  the  fame 
preiTure;  as  the  heat  abates,  a  decompoiition  takes 
place,  which  occafions  the  opake  fleam  over  boiU 
ing  water, 

Thefe  principles  explain  the  fixity  of  the 
boiling  point,  for  vapours  cannot  be  formed  with- 
in the  mafs,  unlefs  they  have  fufficicnt  expaniive 
force  to  difplace  or  raife  it  into  bubbles :  they  can- 
not acquire  this  force,  till  the  heat  is  arrived  at  a 
certain  pointy  and  as  foon  as  they  have  acquired  it, 
they  efcape  in  virtue  of  that  expanfion:  further  ac- 
celfion  of  fire  pafles  off  in  the  fame  manner,  and 
only  accelerates  the  evaporation. 

Though  koiling  ivater  under  the  fame  preflure 
has  always  the  fame  heat,  it  may  be  made,  before  it 
does  boil,  to  receive  a  greater  heat,  than  it  can  re- 
tain when  it  docs  boil.  In  a  vellcl  with  a  very 
narrow  orifice,  filled  with  wrtcr,  well  purged  of 
air,  though  the  water  fuftains  no  other  preflure 
than  that  of  the  atmofphcrc,  yet  it\s  particles  meet 
with  fo  much  rcfi fiance  co  their  feparation,  that 
Mr.  de  Luc  found  it  would  receive^  without  boil- 
ing, a  heat  11  degrees  above  the  boiling  point;  at 
foon  as  vapours  could  torr.^  thcmfcivcs,  their  ex- 
panfive force  was  (b  great,  that  they  pulhcd  a  larpe 
quantity  of  v. atcr  out  of  :hc  vcflcl,   in  the  way  of 

explofiuiv 
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cxplofion,  but  the  remainder  was  immediately  it« 
duced  to  boiling  heat. 

The  vapours  of  boiling  water  arife  from  tm/^ 
in  the  mafs,  but  water  may  yield  from  it's  furface 
vapours  of  an  equal  expanfive  force,  provided  thcf 
are  confined  in  a  place  of  equal  temperature  with 
themfclves.  Thus  if  water  be  introduced  above 
the  mercury  in  a  barometer,  the  vapours  it  pro- 
duces in  a  temperate  warmth  will  profe  down  ihc 
mercury  nearly  half  an  inch.  In  the  heat  of  boil- 
ing water,  they  viill  deprcfs  it  to  the  level  of  the 
mercury  in  the  bafon  ;  beinj:;  then  become  equiva- 
lent to  the  prcflTurc  of  the  atmofphere  in  a  greater 
heat,  they  will  deprcfs  it  below  the  level,  and  cf- 
cape  at  the  bottom  of  the  tube,  the  water  giving 
no  figns  of  ebullition  to  the  laft. 

In  making  thermometers,  care  fhould  be  taken 
that  the  tubes  ufed  for  that  purpofc  be  very  clean, 
and  very  dry  ;  the  next  thing  is  to  examine  whether 
the  bore  of  the  tube  is  equal  and  c\  lii-rirical 
throughout  ;  this  is  cafily  pciforincd,  by  i:. ^merg- 
ing one  end  of  the  tube  in  mercury,  and  taking  it 
out,  previoufly  ilopping  the  orhcr  end  v.  ith  the 
finger;  by  this  means,  a  i'lnall  portion  of  the  mer- 
cury will  enter  the  tube,  more  or  Ids  in  proix)rrion 
to  the  depth  the  tube  is  immergcd  ;  nKufurc  the 
length  ot  this  portion  of  mercury,  and  then  fliJc 
it  buck-Aards  and  forv^ards  in  the  tube.  If  the 
length  thereof  is  the  fame  in  all  parts,  the  tube  is 
a  regular  c) Under;  but  if  othtrwii'e,  the  diameter 
varies,  and  the  tube  cannot  be  ufed  to  form  a  good 
thermometer,  unlefs  the  divilions  on  the  fcale  arc 
proportioned  to  the  different  lengths  of  this  mcr- 
tunal  cylinder. 

The  tube  being  chofen,  the  bulb  is  to  be' 
blown  rif  the  tube  was  very  regular,  you  may  now 
Vegin  to  fill  it ;  if  not,  you  mult  find  the  propor- 
tion of  the  inequalities  to  adapt  the  div  ilions  thcrc- 

U>; 
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to ;  to  this  end  tie  a  paper  funnel  over  the  end  of 
the  tube«  and  pour  a  fmall  quantity  of  mercury 
therein,  then  hold  the  bulb  over  the  flame  of  a 
candle  or  lamp,  and  let  fome  of  the  air  pafs  out 
of  the  bulb  through  the  mercury;  take  it  now  from 
the  lamp,  and  as  the  ball  cools  the  mercury  will 
begin  to  enter  the  tube;  admit  about  half  an  inch^ 
take  the  exadl  meafurc  thereof,  meafure  the  length 
of  this  portion  in  different  parts  of  the  tube,  and 
you  will  thereby  obtain  data  for  proportioning  the 
divifions  to  it's  inequalities. 

If  you  have  any  rcafon  to  fufpedt  that  there  is 
moillure  in  your  tube,  it  would  be  proper  before 
the  preceding  operation  to  clean  it ;  this  may  be 
done  by  laying  the  tube  on  a  plate  of  iron,  or  over 
a  chaffing-difti  in  which  there  is  only  a  fmall  fire 
mixed  with  cinders ;  it  fliould  be  continued  there 
till  it  is  fo  hot  that  you  muil  ufe  a  glove  or  a  fmall 
pair  of  pincers  to  hold  it,  taking  care  not  to  warm 
the  bulb.  This  procefs  dilates  the  included  air» 
confumes  fmall  particles  of  dirt  imperceptible  to 
the  eye,  and  evaporates  moifture.  While  things  are 
in  this  ftate,  fuddenly  heat  the  bulb,  and  the  air 
being  thereby  dilated,  drives  before  it  all  thefe  im-> 

SuritieSj  and  leaves  the  tube  as  clean  as  you  can 
efire. 

To  fill  the  bulb  and  tube,  tie  on  a  paper 
funnel  as  before,  and  put  fomewhat  more  mer- 
cury therein,  than  you  think  will  fill  the  ther- 
mometer ;  hold  the  bulb  over  the  flame  of  a  lamp 
or  a  fmall  candle  newly  fnuffed,  this  will  expand 
;and  force  part  of  the  air  from  the  bulb  ;  when  you 
think  a  fufticient  quantity  is  expanded^  w  ichdraw 
the  tube  from  the  candle  f '  nroportion  as  the  bulb 
4;<X)ls«  the  remaining  air  <  ^ondenied,  and  the 
'^  tee  it  OD^upies  will  be  by  the  mercury ; 

thui      '       ilvcooli^    ^  ng  the  bulb,  it 

atJ^  •  filled 

-Y  "  When 
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When  the  bulb  is  nearly  filled,  you  muft  boil 
the  mercury  therein,  by  applying  it  over  the  fiam& 
of  a  lamp,  or  that  of  a  fnuflcd  candle.  The  air  in- 
cluded in  the  mercury,  and  that  which  lines  the 
tube,  dilates  itfclf,  is  collccled  in  fmall  bubbkSi 
and  expelled  by  the  firft  ebullition ;  when  dx 
mercury  boils  violently,  a  great  part  of  the  con- 
tents will  rulh  up  the  tube  into  the  paper  rcfer- 
voir.  Remove  the  bulb  from  the  flame,  and  re- 
peat the  operation,  till  the  diminifhed  noifeaod 
agitation  Ihcws  that  it  is  deprived  of  it*sair  and 
nioifture. 

After  the  boiling  is  completed,  and  the  tube 
cool,  plunge  it  in  melting  ice  or  fnow,  uhich 
gives  the  temperature  of  32°,  Take  off  the  fun- 
nel, and  hold  the  bulb  in  the  hand,  and  aftem^ardi 
in  the  mouth  ;  the  heat  thereof  will  caufe  feme  of 
the  mercury  to  drop  out  of  the  tube ;  cool  it  again 
1032^,  and  mark  where  the  mercury  (lands.  The 
diftance  between  this  mark  and  the  top  of  the 
tube,  mcafurcs  the  interval  between  freezing  and 
blood  hciit,  or  32  and  95,  that  is  63^,  and  will 
confcquently  point  out  whether  the  degrees  wilk 
be  large  or  fmall,  and  what  extent  your  fcalc  is 
capable  of.* 

When  the  number  of  degrees  to  which  the 
length  of  the  tube  will  extend  is  thus  known,  you 
may  fettle  whereabouts  you  will  have  the  freezing 
point,  which  may  be  nearer  or  further  from  the 
bulb,  according  as  your  inftrumcnt  is  deligned  to 
mcafurc  great  or  ^mall  degrees  of  heat  or  cold. 
Now  prrpare  the  upp  r  p.irt  of  the  tube  for  fcal- 
i!i:.S  h)  drawinti;  it  out  to  a  line  capillary  tube;  then 
hvui  ihc  l>ulb  in  the  cumilc  till  a  few  particlcsof 
n^*i:ury  have  fallen  oT  the  top  of  the  tube,  w4 
a/tciwiril    try    if  the  freezing  point  i.s  fuffici«il|^ 

neni 

^   Xiiholion's  FIrft  Principles  of  Chrmirtry,  p.   aC,  S7|  ill 
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fkear  tlic  bulb  t  if  it  be  not,  you  muft  repeat  the 
operation^  being  careful  however  not  to  throw  out 
^oo  much  mercury  at  a  time.  Have  two  candles 
BOW  ready,  one  to  heat  the  ball,  the  other  to 
clofe  the  tube.  The  blow  pipe  being  in  readinefs, 
the  upper  part  of  the  tube  near  the  flame  of  one 
candle,  and  the  bulb  near  the  flame  of  the  other, 
the  mercury  will  rife,  and  at  laft  begin  to  form  a 
globule  at  the  point  of  the  capillary  tube  ;  at  this 
inflant  the  bulb  mufl:  be  withdrawn  from  the  flame 
of  the  lower  candle,  and  the  flame  of  the  upper 
one  bedircded  by  the  blow-pipe  upon  the  point  of 
the  tube.  This  will  be  immediately  ig:\iicd,  and 
■will  clofc  by  the  melting  of  it's  })iu-ts  before  the 
mercury  has  perceptibly  fubfidcd.  When  the  mer- 
cury has  fallen,  the  fealing  may  be  rendered  more 
ftcure  by  fufing  the  whole  point  of  the  tube  till  it 
"becomes  found. 

To  fettle  the  freezing;  pointy   you  have  only 
to   immerge  the  thermometer  fo  deep  in  melting 
Ihow  or  ice,  that  the  mercury    may  be   fcarccly 
vifible  above  the  furfacc,  and  then  carefully  mark 
the  place  at  which  it  fl:ands.     For  the  ioi/ing  potjjt, 
the  Royal  Society  advife  a  veflTel  to  be  provided 
ibme^hat   longer   than  the  thermometer,  with  a 
cover  and  two  holes  therein  ;  one  about  an  inch 
in  diameter  for  the  ftcam  to  efcape,    the  other 
fmallcr  to  hold  the  thermometer  tube.     When  this 
18  ufed,  the  thermometer  muft  be  faftened  in  the 
cover,  fo  that  the  eltimated  place  of  the  boiling 
point  may  be  juft  above  the  hole  ;  water  muft  then 
be  put  in  the  vefll-l,  but  fo  as  not  to  touch  th- , 
of  the  thermometer,  when  the  cover  is  plac 
The  cover  being  put  on,  and  a  thin  plat 
laid  on  the  fteam  hole,  you 
boil  by  heat  applied  tn  thel 
jnomecer  will  cnu^ 
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will  raife  it's  temperature  to  the  boiling  poim,ifll| 
this  muft  be  carefully  marked  on  the  tube*  I 

Pabrcfibeirs  fcale  is  that  which  is  ufcd  in  E(^ 
land:  the  freezing  point  is  called  32^  the  boifll 
water  point  2  r  2  ;  fo  that  there  arc  1  80  dcgreeaJ^| 
divifions^  between  them,  which  may  be  cxtdf^| 
upwards  and  downwards,  as  far  as  is  necciTarf.^l 

Foreigners  ufe  Reanmur*s,  or  rather  D^lii'il 
fcale,  where  the  free2ing  point  is  called  o^  ifldl 
the  boiling  water  point  80.  I 

Two  thermometers  are  ncceflary  for  acninfel 
obfervatioB  ;  one  to  be  fufpended  within  dooo.l 
near  the  barometer ;  the  other  out  of  doors.  Tim  I 
without  doors  fhould  be  placed  at  the  north  lldeofi 
the  houfc,  or  where  it  will  be  (heltercd  from  the  I 
rays  of  the  fun-  I 

I  have  already  (hewn  you/  that  the /Wr^MttJ 
efexpanjion  in  a  mercurial  tbermometfr  are  ^^^lf^| 
the  ifjcrcments  of  heat  /  or  in  other  words,  that  tnel 
dilatations  and  contradions  of  the  fluid  arc  nearly  I 
proportional  to  the  quantities  of  fire,  which  irej 
communicated  to,  or  feparated  from  the  fanieho-| 
inogeneous  bodies,  as  long  as  they  remain  in  thcj 
fame  ftate.  Thus  the  quantity  of  fire  required  sal 
raife  a  body  four  degrees  in  temperature  by  ibcl 
mercurial  thermcntcter,  is  nearly  double  what  ill 
required  to  raifeit  two  degrees,  and  four  times  v^htfj 
is  necelfary  to  raife  it  one.  This  is  proved  by  pat* 
ting  a  thermometer  firft  in  cold  water,  and  then 
into  water  heated  to  any  degree,  noting  thcaiti* 
rudcs  ;  then  putting  equal  quantities  of  thefe  tuo  1 
waters  together,  M-hich  will  give  a  mean  heat,  auJl 
the  mercury  in  the  thermometer  will  fhndatthc  I 
mean  altitude  between  the  two  before  obfcrvcd m 
this  is  found  to  be  true,  whatever  be  the  tempera*  I 
turcs  ot  the  two  parts  of  water,  '  I 

Though  in  the  fcnfe  here  explained  the  thcf-  I 

moroctcr  I 

H  *  Vol.  r.  p.  149,  «5o  ;  fee  <iib  p.  401  to  404*  ] 
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momcter  is  an  accurate  meafurc  of  heat,  yet  I 
have  alfo  (hewn  you,  that  it  can  only  indicate  the 
proportions  of  that  adlion  of  fire  by  which  bodies 
are  expanded,  but  is  by  no  means  a  mcafure  of  the 
whole  quantity  of  fire  difengagcd,  difplaced,  or 
abforbed  ;  properly  fpeaking,  it  is  therefore  only  a 
fcale  of  expanfion  indicating  certain  tranflations 
and  transfusions  of  the  igneous  fluid. 

It  may  be  proper  to  obferve  to  you,  that  glafs 
is  dilated  and  contraclcd  by  heat  and  cold  together 
with  ihe  fluid,  and  confcquently  the  apparent  va- 
riations in  the  dimcnlions  of  the  fluid  are  the  dif- 
ference between  the  real  cotemporary  expanlions^ 
or  funi  of  the  cotemporary  contractions  of  the 
glafs  and  the  fluid.  The  changes  arifing  from 
thefe  caufes,  are  too  inconfiderable  to  be  worthy  of 
notice  in  the  general  ufe  of  this  inftrumcnt ;  the 
change  of  dimenlion  in  the  glafs  is  prior  to  that  in 
the  fluid  ;  hence  the  fluid  is  found  to  fmk  before 
it's  rife,  upon  an  increafe  of  temperature;  and  if  the 
bulb  be  large,  fome  time  may  elapfe  before  the  fluid 
acquires  the  fame  temperature  with  the  glafs.  The 
prelTiire  of  the  atmofphere  on  the  outlidc  of  the 
bulb  not  being  countcraded  by  any  air  within, 
will  aJFcd  it's  magnitude,  diminilhing  it  as  the 
preflTure  is  increafcd.  The  variation  on  the  fralc 
occalioned  by  this  caufc  is,  like  the  preceding  one, 
very  fmall,  being  never  above  one-tenth  of  a 
degree. 

Op   the  Rain-Guage. 

It  is  necellaryj  towards  'ng  a  lyftematic 

idea  of  the  meettber  and  it  "»  change^  to 

earth; and  i     ^^H  ^  ^ 

The  la^  trumcnt, 

:  inches 


coi0^M 


iT,"^'  '^x^x^ 


502      Lectures  on  Natural  Philosophy. 

diameter,  communicating  with  a  tube  or  cylinir 
of  tin,  into  which  the  rain  is  conveyed 'by  thfc 
funnel.  The  depth  of  the  water  is  meafurcdbyi 
rule  fixed  to  a  float;  this  rule  paflcs  through  the 
center  of  the  funnel.  The  divifions  on  thenik 
fhcw  the  number  of  cubic  inches  of  water  thathatt 
fallen  in  a  given  time  on  a  furface  of  one  fqoail 
foot.  ^ 

To  ufe  the  rain-guage,  fo  much  water  fhcuU 
be  firft  poured  in  as  will  raife  the  float,  fo  thatthl 
zero,  on  the  rule,  may  exadly  coincide  withtht 
aperture  of  the  funnel.  The  funnel  is  Co  con. 
trivcd.  as  to  prevent  the  water  from  evaporating. 

This  guage  (hould  be  fixed  down  firmly  in  i 
place,  where,  whatever  wind  blows,  the  fall  of  the 
rain  may  not  be  inteixepted  by  the  houfe^  or  any 
other  impediment. 

Of  the  Hycrometer, 

The  bygrometn  is  an  inftrument,  intended  to 
difcovcr  the  moifture  contained  in  the  atmo- 
fphcrc. 

As  the  fubftances  that  arc  afltcfled  by  moit 

turc  are  very  numerous,  ^o  alfo  are  the  contrivancrt 

that  have  been  executed  to  indicate  the  degrees  of 

moifture,  and    render  fenfible   the   fmallcft  varia- 

tions  in  thcfubftanccs  influenced  thereby.     Thus, 

wood  expands  by  moifture,  and  contrads  by  drv- 

ncfs ;  on  the  contrary,  chord,  catgut,  &c.  contract 

by  moinurc,  and  lengthen  by  dryncfs;  confequem- 

ly  the  cnntradtion  and  cxpanfion  of  thefe  fubftan- 

ccs  indicate  dilrcrcnt  ftatcs  of  the  air  with  refpcft 

to  moifture.     The  twifted   beard  of  a  wild  oat 

with  a   Ihiall  index  fixed  to  it,  moveable  againft 

a  P:alc,  makes  a  very  good   hygrometer ;  for,  the 

twifting  being  aftcclcd  by  the  variations  of  moif. 

tiirc,  moves  the  index* 

Mr. 
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Mr.  de  Luc,  who  has  laboured  more  on  this 
|bjc8,  and  with  more  fuccefs  than  any  other  man, 
\qt  making  an  immenfc  number  of  experiments 
find  out  a  fubftance,  whofe  expanfion  increafcs 
oft,  nearly  in  proportion  to  the  quantity  of  moil* 
imbibed,  found  that  whalebone  and  hoxy  ct/t 
ro/i  their  fibres,  increafcd  very  nearly  in  pro- 
rtion  to  the  quantity  of  moiflure,  and  more  fo  than 
y  other  fubftances  which  he  tried.  He,  however, 
referred  the  whalebone;  ift.  on  account  of  it's 
cadincfs,  in  always  coming  to  the  fame  point  at 
reme  moifture  ;  2dly,  on  account  of  it's  greater 
panfion,  increafing  in  length  above  one  eighth 
it's  length,  from  extreme  dryncfs  to  extreme 
ifturc;  laftly,  becaufe  it  is  moreeafily  made  thin 
id  narrow. 

As  the  whole  atmofpheric  oeconomy,  as  far,  at 
ft,  as  relates  to  the  weather,  depends  upon,  or  \% 
conne<fted  with  the  ftate  of  the  vapour  it  contains, 
is  rather  furprizing  that  we  find  fo  few  hygro- 
etrical  obfervations  among  the  many  mcLcoro- 
igical  diaries  that  have  been  publilhed.  From 
time  immemorial,  theefTeds  of  moifture  have  been 
confidered  as  prognoftic  of  the  weather,  as  is  evi- 
dent by  the  confidence  the  houfewife  places  in  her 
faJt-box,  the  carter  in  his  whit-leather  thong,  and 
'  e  failor  in  his  fhrouds. 

But  whether  the  hygrometer  be  a  prognoftic  or 
not  of  the  weather,  it  is  certainly  of  the  utmoll 
importance  to  the  natural  philofophcr,  and  would 
probably  prove  a  valuable  oracle  to  the  farmer, 
which  is  fully  evinced  by  the  following  obfervation 
of  Mr.  Marfhall,  in  his  minutes  of  agriculture- 
"  Ycfterday  morning,  (fays  he)  while  the  hygro- 
meter flood  at  2  degrees  moift,  the  peas  were  by  no 
means  fit  for  carrying;  the  halm  was  green,  and 
the  peas  foft.  About  ten  o'clock  the  hygrometer 
'  11  to  I  degree  dry ;  before  one  the  peas  were  in 
K  k  4  good 
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good  order  ;  I  went  up  into  the  fields  merely  m 
the  WORD  of  the  hygrometer,  and  found  the  pa 
fit  to  be  carried."  It  is  plain,  therefore,  thatoi 
a  fcattered  farm,  in  hay-time  and  harvcft,  aabj- 
grometcr  muft  be  peculiarly  ufeful. 

Before  I  proceed  to  take  further  notice  of  hy- 
grometcrs,  it  will  be  neceflary  to  remind  you  of 
the  principles  I  have  already  laid  down  conccmiif 
evaporation  and  vapour ;  for,  unlcfs  thefe  are  pro^ 
perly  attended  to,  you  will  never  be  able  to  attain 
any  fixed  and  certain  notions  of  meteorology.- 
Atmofpherical  fluids  are  divifible  into  two  clalTc^ 
vapours  and  aeriform,  the  diftincflivc  characlersrf 
which  are  thefe :  vapours  are  decompofcd  by  prej- 
Jure,  but  aeriform  fluids  bear  the  ftrongeft  com- 
prcflion  without  dccompoiition  :  'vapours  arc  dfr 
conipofed  in  vejfels  hermetically  /ealed  by  the 
fpontaneous  cfcape  of  fire;  but  aertform  fluids  can 
only  be  decompofcd  by  feme  fubftance,  to  which 
their  gravitating  matter  has  more  affinity  than  to 
the  fluid  which  maintains  them  in  an  aerijon 
Hate.  In  vapours  the  proportions  of  the  compo- 
nent  parts  are  very  variable,  ac:ording  to  thefub- 
fifting  circumdanccs ;  but  aeriform  fluids,  when 
once  formeJ,  continue  in  the  fame  ftate,  and  can 
only  be  changed  by  cbrvn'cal  cthu^q^  :  the  difference 
arifcs  from  the  wcakncfs  of  the  union  of  water  in 
vapour  with  fire,  fo  that  it  can  feparatc  itfelf  there- 
from by  the  mutual  tendency  of  it's  own  particles, 
when  they  arc  brought  within  a  certain  diftancc 
one  of  the  other,  and  becaufe  fire  can  fo  caiily 
quit  them,  to  reltore  certain  equilibria  with  rclpcd 
to  itfelf. 

By  watery  vapour,  I  do  not  here  mean  viJihU 
opake  Jlcam  or  vapour,  becaufe  that    is  vapouring 
Jiate  of  decomprfition ;  I  mean  the  invifible  and  traf^  ; 
parent  exhalations,  which  conftitute  a  peculiar m\ 
dijllnil  Jluid,  expanfible  and  comprelliblc,  and  fc 
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far  pofleffing  the  mechanical  propr.rties  of  aeri^ 
form  fluids,  and  excrcifing  thefc  properties  whether 
mixed  with  them  or  alone. 

The  Specific  gravity  of  thefe  vapours  is  above 
one  half  lefs  than  that  of  common  air  ;  that  is» 
when  they  exercife  a  certain  expanfive  force,  whe- 
ther alone  or  mixed  with  air,  their  mafs  is  above 
one  half  lefs  than  a  like  volume  of  j/V,  which 
ivould  exercife  the  fame  expanfive  force. 

In  the  courfe  of  our  Lectures  on  fire,  I  Ihewed 
you  that  vapour  confifts  of  particles  of  fire,  united 
with  thofe  of  water,  and  that  there  was  no  foun- 
dation for  the  hypothefis  which  confidered  it  as  a 
chemical  Jolution  of  water  by  air.  This  is,  how- 
ever, an  hypothefis  that  has  been  adopted  by  fo 
many  writers,  though  contrary  to  every  circum- 
ftance  duly  examined,  and  of  fuch  confequencc  in 
meteorology,  that  I  fliall  again  make  a  few  remarks 
thereon.  1  fliall  firft  notice  the  phenomena  of  air 
contained  in  water,  and  fliew  you  that  thefe  have 
ho  relation  to  the  common  notions  of  folution. 
If  water  be  placed  in  a  receiver,  and  a  vacuum 
made,  a  number  of  air-bubbles  arc  formed  in  the 
midfi;  of  the  water,  which  increafc  in  fize,  and 
then  efcapc.  Now,  there  is  no  principle  in  the 
theory  of  diflblution,  which  can  explain,  why  a 
menftruum,  becaufe  it  is  lefs  prcfied,  fiiould  let  go 
the  fubftance  that  it  had  diflblved  ;  whereas  it 
Ihould  hold  it  fl^ronger  if  ihc  menftruuni  is  ihereby 
dilated.  When  the  water  c cafes  to  () rod  11  re  air  by 
this  operation,  if  you  agiiaic  \i  ftro- 
is  difengagcd  ;  this  alfo  is  contrary  to 
diflblution,  for  this  it^  promoted  by 
of  the  menftruum-  ^"^^ 
to  be  efficacious,  m%, 
beat s  here  the  hypothi 
foundation  ;  j^  fok 
was  derived  ^^'^i  the 


I'^re  air 
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more  water  when  it's  heat  was  greatell,  which  of 
courfc  muft  alfo  take  place  with  rcfpcct  to  u 
contained  in  water,  to  which  you  fee  this  faftil 
diametrically  oppofcd.  I  have  flicwn  you  in  the 
Lcdture  on  fire,  that  the  phenomena  of  aqueous 
Vapour  arc  the  fame  in  vacuo  as  in  open  air,  that 
it  may  be  produced  in  vacuo,  without  any  concur 
rcncc  of  the  air.  The  dcnfity  of  the  vapour  is  the 
fame  every  where  at  any  temperature,  provided 
the  particles  thereof  keep  at  a  certain  dilfauKC 
from  each  other.  This  denfity  in  every  fpace,and 
at  every  temperature,  is  determined  by  a  certain 
minimum  dillance  among  the  particles  of  the 
vapour.  It  is  fufficient  for  their  confervatiotk 
as  vapour,  either  in  vacuo  or  in  air,  that  ibcj 
are  not  forced  to  approach  within  this  diflancc 
^hc  produifl  of  evaporation  is  always  of  thisu- 
turc,  namely,  an  cxpanfible  fluid,  which  ciAcr 
alone  or  in  air  affects  the  manometer  by  prcffuit^ 
and  the  hygrometer  by  moifturc,  without  any  dif- 
ference ai  ifmg  from  the  prefencc  or  abfcnce  of  air. 
I  may  again,  therefore,  repeat  after  M.  dc  Luc, 
ibijf  CTcry  pbi'iiouicrioj:  proves  thai  the  bypoihefii  ij 
the  Joint  I'm  of  vcatcr  ly  air  is  z^iguc,  Ziitboul  dvi 
Jolid  t\:,}hiatiO}ty  unnecrlfjry  for  Ibe  explanation'} 
I'vap'-ratiouy  zi'hilc  it  ifrvoivts  every  brancb  of  pV\- 
iofopby  inolfcurity.* 

livaporarion  is  a  di/)nu:!io7i  of  zvater  hy  fin. 
A  mod  dccilivc  re.ifon  in  fupport  of  this  opinion 
is,  that  e\ery  liqiiai  '.  ouli  uhen  it  evaporates;  the 
portion  of  the  liquid  that  difappe:irs,  being  carried 
a.vay  by  a  quantity  of  J: re  proceeding  from  the 
liquid  itfelf.  Mr.  Watt  has  flicwn,  that  in  the 
common  evaporation  of  water  in  open  air,  thi 

quantity 

•  See  Mr.  de  Luc's  Letters,  dans  le  Journjl  dc  Phyfiqne^l 
Idecs  iur  U  Metcorologic. 

See  alio  further  proofs  of  the  errors  of  the  chemical  idei.t 
water  being  folvcd  by  dir^  in  Vol.  2.  Lecture  13,  p.  76  and  7|i 
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quantity  of  heat  loft  by  the  mafs,  bears  to   the 
quantity  of  water  carried  away,  a  proportion  ftill 

greater  than  that  which  is  found  in  the  ftcam  pro- 
uced  by  boiling  water. 

As  vapour  conlifts  of  fire  and  water  united^ 
and  forming  a  new  compound,  t\\Q/pecijic  proper^ 
ties  of  each  of  the  component  parts  arc  in  certain 
rcfpedls  fupprcfled,  as  in  other  chemical  operations, 
the  water  lofcs  it's  faculty  of  moiftening,  and  the 
fire  that  of  producing  heat ;  hence  the  lofs  of  heat 
in  the  evaporation  of  liquids,  and  the  augmenta-^ 
tion  of  heat  in  the  dccompolition  of  vapour.  The 
particles  both  of  fire  and  water  ftill,  however,  re- 
tain the  faculty  of  maintaining  their  refpective 
equilibrium  between  the  medium  and  furrounding 
bodies.  Thus  the  particles  of  water  ftill  retain  the 
tendency  of  uniting  together,  and  this  union  takes 
place  whenever  they  are  fo  near  each  other,  that 
this  tendency  can  furmount  the  effort  of  the  fire^ 
which  keeps  them  difTcminatcd. 

Of  courfc,  the  lefs  the  quantity  of  free  fire 
(or  the  caufeof  heat)  in  a  given  fpace,  the  greater 
is  the  diftance  at  which  the  particles  of  water  can 
exert  their  faculty  of  uniting  together,  and  of 
.  abandoning  their  latent  fire.  The  precipitation  of 
water  or  final  union,  therefore,  takes  place  when 
the  denfity  of  vapour  has  exceeded  certain  limits, 
which  limits  depend  on  the  temperature;  for  the 
greater  the  quantity  of  free  fire  in  a  given  fpace^ 
the  nearer  the  particles  of  vapour  may  nroach 
£ach  other  without  being  decompofc  ^^  15, 
without  the  watery  particles,  in   conl  ^^of 

their  natural  tcndencyjkjwuniting  rogctht*         ^b. 
tingthe  fire  with  wh'        ''••v^crc  affix  11 

Thus  there  is  iiG^^^^^^lgliiimtini 
tance  of  the  aqLicoiis  ^^^^^^HftMlhd  whi 
vapour  cari;i( 
compofedj 
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of  heat,  but  conftant  in  the  fame.  When  vapoiir 
is  mixed  with  air,  they  can  fuflain  a  iniich  grtaicr 
preffu re  than  they  can  by  thcmlclves,  becaufcthe 
air  fupports  the  jirelTurc,  and  prevents  the  particles 
from  being  forced  within  their  minimum  diftancc; 
and  it  is  thus  that  vapours  Aibfilt  in  the  atmofphere^ 
without  being  dccompofcd  by  it's  preiTure. 

yapours  are  dciow.pofc J  not  only  by  the  mu- 
tual approach  of  the  particles,  but  alfo  in  virtue  of 
the  affinity  of  water  to  thofe  fubflances  that  art 
called  bygrofcopic,  of  which  firr  may  be  reckoned 
one.  The  principal  law  of  this  affinity  is,  that 
the  water  diftributes  itfelf  to  all  the  fubftancesof 
the  clafs  that  arc  within  ifs  reach,  to  every  one 
alike,  propoitional  to  it's  capacity  of  retention. 
If  new  fire  be  introduced  into  a  given  fpace,  where 
there  is  no  fuperabundant  water,  it  will  take  ax^ 
fome  of  the  water  from  all  the  hygrofcopic  fub- 
ftances,  and  diminijh  their  humidity.  If  fome  of 
the  fire  be  taken  aiiuiy^  the  water  that  was  united 
thereto,  will  be  divided  among  all  the  rcll ;  and  if 
any  other  hygrofcopic  fubflances  be  introduced, 
containing  a  greater  or  lefs  quantity  of  humidit)' 
than  thofe  already  there,  the  furplus  of  humidify 
wiJ!  be  divided  among  th^'m.  It  is  by  fire  that  this 
diilribution  is  elferted;  the  particles  of  this  elemem 
iehii^  ului-nYS  in  motion^  take  up  the  water  from  one 
that  has  more  thrm  it's  fliare,  and  give  it  out  to 
another  that  has  lefs.  Thus  hygrofcopic  fubllancu 
have  ilicir  hunudity  always  proportional  to  the 
places  rlicy  arc  in. 

llygrofcopic  fubflances  are  of  three  diftind 
chiflbs:  III.  Thofe  tb.at  feize  on  the  water  of  vft- 
p(iur,  by  a  cl.iniic  al  atiinify  with  that  liquidi^ 
am«.;ig  chffeare  Uvids,  falts,  and  calces,  zd.  Thotf- 
that  i"iMhi!;e  tht*  \^ater,  by  the  tendency  it  hai 
propa^.,.iiL-  icfclf  in  capillary  pores,  but  from  th 
n:iui re  receive  no  fenfible  increafe  of  bulk  byi 

introduOic 
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introdudion ;  fuch  are  porous  (tones.  3d.  Thofc 
that,  imbibing  a  certain  quantity  of  water,  arc 
thereby  expanded ;  and  thefc  are  mod  of  the  folids 
of  the  vegetable  and  animal  kingdoms.  Mr.  dc 
Luc^  by  a  long  feries  of  experiments,  to  which  I 
muft  refer  you,"  (hews,  that  the  fubftances  of  the 
laft  clafs  are  the  only  ones  proper  for  hygrome- 
ters, and  that  even  in  this  clafs,  to  avoid  fallacyj^ 
in  refped:  to  the  mod  important  phenomena,  wc 
muft  ufe  thofe  that  ceafe  to  lengthen,  only  when 
they  cannot  be  penetrated  with  more  water. 

Here,  however,  it  will  be  ncceflary  to  define 
in  what  fenfe  we  ufe  the  words  moijlure  and  humi^ 
diiy,  for  in  the  manner  they  arc  commonly  ufcd, 
they  fometimcs  imply  a  caufe,  fometimes  an  effect; 
this  ambiguity  is  not  peculiar  to  thefe  words,  you 
■will  find  many  others  ufed  in  philofophy  as  ambi- 
guous, particularly  when  they  have  been  applied 
to  certain  phenomena,  the  caufes  of  which  are  not 
determined. 

Moisture,  /;/  a  general  fenfe  ^  may  be  confidered 
as  invifihle  waler^  producing  ohfervable  pheno- 
mena. 

Thus  in  hygrcfcopic  bodies^  the  quantity  of 
water  which  expands  them,  and  increafes  their 
weight,  is  concealed  wiihin  their  pores  ;  and  in 
the  ambievt  medium^  that  water  which  affeds  hy- 
grcfcopic bodies,  being  there  under  the  form  of 
vapour,  is  as  invifible  as  the  air  itfclf. 

But  in  rcfpedt  to  bygr&meiry,  ^  here  moi/iure  is 
confidered  as  having  correfpundcnt  degrees  in  the 
medium,  the  word  require*  a,r  articular  dc- 

termmation.  Moijiur^^j^^i^^  ^^ril^^^X  ^^~ 
fent  or  abfolu:ciy  extrcmr/wi'  vgrofco- 

pic  bodies   and   in  ^^      »^nhi 
both  in  the  whol 
moifturc  aflumcs  11 1 
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taufe^  and  in  bygrofcopic  bodies  that  of  an  cfiiA 
Thefe  two  circumllances  furnifh  us  alfo  with  I 
fixed  module  for  determining  correfpondcnt  de- 
grees. 

Moifture  is  totally  abfenf,  firft,  in  the  mediuft 
U'hen  it  contains  no  vapour,  and  then  as  a  confix 
quence  in  hygrofcopic  bodies,  becaufc  they  contiii 
no  more  water  that  can  evaporatej  without  a  (k^ 
compolition  of  their  component  parts.  The  cife 
here  fuppofed  is,  that  when,  by  feme  adequate 
caufc,  no  fenfible  quantity  of  vapour  is  permitted 
to  remain  in  the  medium,  as  in  the  lime  velTel 
ufed  by  Mr.  de  Luc  to  obtain  the  point  of  extreme 
drynefs. 

Moifture  is  extreme,  firft,  in  the  medium^vhe^ 
ther  air  or  a  fpacc  free  from  air,  when  no  nxHt 
vapour  can  be  introduced  therein,  w  ithout  a  part 
being  decompofcd  ;  and  then,  as  a  confequcncc  in 
hygrofcopic  bodies,  becaufc  no  more  water  can  be 
admitted  in  their  pores. 

Here  it  is  to  be  obifcrvcd,  that  from  the  nature 
of  the  hift  of  thcfe  maxima  the  quantity  of  water 
which  produces  it  (i.e.  extreme  moifture)  in  a  given 
body  is  fixed^  bccaufe  it  is  determined  by  the 
aiftual  capacity  of  it's  pores  ;  but  the  quantity  of 
water  which  produces  extreme  ir.oifturc  in  a  me- 
dium of  a  given  extent  is  as  variabU  as  the  tem- 
perature. 

The  equilil)rium  therefore  between  the  medi- 
um and  hygrofcopic  bodies  in  different  flages  of 
moifture,  which  equilibrium  is  the  object  of  hy- 
grometry  as  a.  fciencc,  does  not  depend  on  certain 
quantities  of  zvater  contained  in  the  medium  of 
which  bodies  may  receive  their  fliare-  it  depcndl 
pn  different  aptitudes  of  the  vapour  contained  in 
the  medium  to  communicate  water  to  thofe  bodies; 
which  aptitudes  vary  not  only  with  the  dificrcnc 

denfitiei 
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iilics  of  that  fluid,  but  alfo  in  vapour  of  the 

c  denfiiy  according  to  the  temperature* 

From  the  hygrcmeler  we  have  learnt,  that  in 

phenomenon  of  dtw  the  grajs  often  begins  to 

vset^  when  the  air  a  little  above  it  is  ftill  in  a 

ddle  ^d^ic  oi  moijlure  \  and  ihtil  extreme  moijlure 

only  certain  in  that  ah't  when  every  folid  ex- 

fed  thereto  is  wet.     It  has  taught  us,  that  the 

ximum  of  evaporation  in  a  clofe   fpace,    is  far 

m  being  identical  with   the  maximum   of  moif^ 

re i  this  depending  confiderabiy,  though    with 

conftant  exiftence  of  the  other,  on  the  tempe^ 

ure  common   to  the  /pace  and  the  ivater  that 

poratcs.     It  has  Hiewn,  that  the  cafe  of  extreme 

ijiure  exifting  in  the  open  tranfparent  air,  in  the 

y,  even  when   it  rains^   is  extremely  rare:   Mr* 

c   Luc  has  only  found  it  once  in  this  ftate,  the 

mperature  being  39*'.     MeiTrs.  de  Sauflure    and 

Luc  have  proved  by  the  hygrometer,  that  the 

r  is  dryer  and  dryer  as  we  afcend  in  the  atmo- 

►here,  fo  thai  in  the  upper  attainable  regions,   it 

is  conllantly  very  dry,   except  in  the  clouds.     Mr* 

de  Saufllire  has  flicwn,  that  if  the  whole  atmofpherc 

fled   from   extreme  dryne/s  to  extreme  moijfure^ 

c  quantity  of  water  thus  evaporated  would  not 

raife  the  barometer  half  an  inch,    Laftly,  in  chemi- 

1  operations  on  the  tz/r,  the  greateft  quantity  of 

aporated  water  that  may  be  fuppofed  in  them, 

t   the    common  lemperatnre  of  the  atmofpherc^ 

ytn  if  they  w  ere  at  extreme  moijture^  is  not  fo  much 

the  one  hundredth  part  of  their  mafs*  The  two 

ft  very  important    propofitions    have  been  de- 

K'^rated  by  M.  de  ilauj/urc-f 
LECTURE. 
:e  Mr.  dc  Luc's  paper  on  Evaporation,  from  which  Lho 
5  on  Hygrometers,  &c.  is  in  cxtrad,  Fhil.  Traos.  for 
»art  g. 
K  Mr.  de  Luc'i  fecond  paper  on  Hyjromctry^  Phil. 
Tran$. 
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LECTURE    LIL 
Or  Rain. 

IN  a  fcicncc  fo  very  difficult  as  that  of  the  w- 
thcr,  it  is  not  to  be  fuppolcd  that  any  thitf 
like  a  certain  and  eftablifhed  theory  canbehS 
down:  our  utmoft  knowledge  in  this  refpedgoa 
no  further  as  yet  than  the  el^ablilhment  of  afct 
fads ;  and  in  reafoning  upon  thefe,  we  are  involfrf 
every  moment  in  queftions  which  feem  fcarcdf 
within  the  compafs  of  human  wifdom  to  refolvc 

To  treat  it  in  a  fatisfadlory  manner,  we  ou^ 
to  have  an  intimate  acquaintance  with  theconftito- 
tion  of  the  atmofphcrci  and  the  nature  of  th(£ 
powerful  agents,    fire,    light,   and  eledtricity,  bf 
which  it  fecms  to  be  principally  influenced  ;  with 
their  peculiar  influences  upon  one  another,  and 
upon   the  atmofphcre,  and   this   in  every  poflibic 
variety  of  circumftances.    Many  of  the  qualities  of 
air,  earth,  water,  and  fire,  have  been   indeed  dif- 
covered   and  cftimatcd;  but  when  thefe  come  to 
be  united  by   nature,  they  often  produce  a  rcfult 
which    no    artificial    combinations    can   imitate 
Every  cloud  that  moves,  and  every   fliower  that 
falls,  fcrves  to  mortify  the   philofopher,  and  to 
flicw  him  hidden  qualities  in  air  and  water  that  he 
is  unable  to  explain. 

The  greater  part  of  the  received  notions  oa 
meteorology    are  vague  and  incorrc(fl^    not 
thofe  which  relate  to  the  nature  of  the  caufi 
thofc  alfo  which  concern  the  laws   of  their 
The  fame  may  be  faid  of  our  notions  of  the 
of  the  air,  of  beat  when  ap'-^ 
both  igneous  and  aqueous 
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jMiTtial  winds  ;  they  are  all  fa  many  enigmas  lo  the 
philofopher. 

Indeed^  till  we  were  in  pofTcffion  of  a  good 
hjfgr^metert  it  was  impolTible  to  form  any  certain 
conclufions  concerning  the  moifture  of  the  air  : 
this  difficulty  is  removed;  Mr,  de  Luc  has  by  nu- 
jsierous  experiments  and  obfcrvacions  fyrniftied  us 
with  a  comparative  hygrometer^  by  which  together 
with  a  thermometer  the  air  can  neither  lofe  nor 
acquire  moifture  without  our  being  advcrcifcd 
thereof. 

By  the  ufe  of  this  hygrometer  we  have  ob- 
tained clear  and  certain  ideas  of  the  caufes^  by 
nrhich  water ^Jimply  evaporated  in  air,  may  be  pre^ 
cipitated  therefrom.  Thefc  caufes  are  the  fame 
ith  thofc,  which,  in  ^7/r  where  the  quantity  of 
porated  water  remains  the  fame,  always  produce 
increafc  of  moifture^  the  neceflary  forerunner  of 
precipitation  of  water  ;  and  thefe  are  two;  the 
\prejfton  of  the  air,  or  it's  being  cooled :  no  other 
fcs  are  indicated  by  experiment.  Some  philo- 
hcrs  have  thought  that  the  air,  when  rarified, 
ittcd  a  portion  of  the  water  which,  according  to 
it  held  in  folution  ;  but  I  have  fhewn  you, 
t  this  idea  is  erroneous,  and  that  rarifadion 
afioned  drynefs  inftead  of  moifture. 
The  great  queftion  therefore  in  the  inquiry 
concerning  the  immediate  caufe  of  clouds,  &rc.  is. 
What  becomes  of  the  water  that  rifes  as  vapour 
into  the  atmofpherc  ?  What  is  the  (late  in  which 
it  fubfifts  there  between  the  time  of  it's  evapora- 
■kn  and  the  time  of  it's  falling  down  again  in 

^K  If  it  continues  in  a  ftate  of  watery  vapour,  or 
^Kh  as  is  the  immediate  produifl  of  evaporation, 
PRnuft  poflefs  the  diftintitive  characters  elTcntial  to 
chat  fluid.  It  muft  make  the  hygrometer  move 
"s  humidity  in  proportion  as  the  vapour  is 
\jL.iY.  LI  more 
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'more  or  lefs  abiitiAiht  in  the  air.  On  adiminn. 
tionof  heat,  the  inoilhire,  as  flicwn  by  tbe  hygro- 
meter, vvoald  increafe  ;  but  on  iari  increafe  of  hear, 
the  huniidiry  would  dec^eafc.  Again,  on  this  fop- 
■poiition,  if  hygrofcopic  fubftances  dryer  than  the 
air  be  introdi/ced  therein,  they  muft  have  the  fiuw 
effect  as  an  augmentation  of  heat:  forfuchait 
always  the  proj'.erties  of  aqueous  vapour  on  every 
hypnthcfis  of  eyaportuion.  If  therefore  ^j//r 
exilh  in  the  atmofphcre,  without  ihefc  properties 
//  is  no  hugcr  luipcitr,  it  miifl  have  changed  il'i 
natmw  Mr.  de  Luc  has  fliewn,  that  the  water 
"which  forms  rain,  do?s  not  pofTefs  thefe  proper- 
ties; it  muft  therefore  \\;\.\(t  pajfed  into  another 
ftate. 

Repeated  obfervations  have  (hewn,  that  the 
upper  regions  of  the  atmofphere,  notwithftanding 
the  continual  afcent  of  vapours  there,  are  dryer 
than  the  inferior  regions  ;  on  the  fummits  of 
high  mountains  a  degree  of  drynefs  prevails,  un- 
known on  the  plains. 

If  rain  be  l\\c  immediate  produff  of  rvapora- 
fion,  it  oaght  always  to  be  preceded  and  accom- 
panied by  a  diminution  of  heat,  in  that  llratumot 
^ir  where  it  originated ;  and  this  diminution,  to 
produce  it's  effedt,  Ihould  be  greater  in  proportion 
as  the  moifture  was  further  removed  from  it's  ex- 
treme term  in  this  ftratum;  but  in  a  great  ftorm  on 
the  mountain  of  Sixt,  Mr.  de  Luc  found  that  the 
heat  had  incrcafed  inftead  of  diminilhed  ;  this 
caufe  coil  Id  net  operate  here,  and  it  was  therefore 
impolTible  thnt  the  quantity  of  water  which  was 
then  prec'^pitutcd  from  the  air  could  have  been  con*- 
taincd  there  in  the  form  of  the  immediate  prouuS 
'of  evaporation. 

On  every  hypothefis  of  the  form:rtion  of  rain 
from  vapour^  it  is  beat  that  produces  the  evapora^ 
tion^  and  a.  diminution  of  heal  that  occafions  th^ 

ircturn 
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turn  of  vapour   into   w.iter,  and  therefore  raia 
puld  happen  only  in  the  ;;j^A/,  or  at  the  colddft 

le  of  the  dav^ ;  whcivas  experience  Iheus,  that  it 

no  connexion  v  irli  heat  or  cold.     We  have 

|iA  as  often  in  the  day  time,  when,  according  to 

natural    cuurfe  of  thingr,  the  heat  of  the  at- 

lofphere   ftiould   be  the  .'jrcateft,  as  at //;^/»/ \A.hen 

ic  heat  ought  to  diminifh  ;  beildcs,  the  heat  often 

linifhcs  in  the  day  without  producing  rain, 
Whatever  be  the  degree  of  heat,  the  air  can  only 

rt  with  fo  much  of  it's  v-atcr,  as  it  is  uniblc  to 

lin  in  that  degree  of  heat  j  no  rah;  ihould  there- 
re  be  formed,  unlcfs  the  air  was  fluurated,  or 
^xlnme  fmijlure  /  but   this  alfo  is  contrary    to 

Thus  when  Mr,  de  Luc  and  his  brother  were 
the  .V/a'/,  though   the  hygrometer  was  66^  dc- 
s  from  extreme  humidity,  thick  clouds  formed 
und  them,  which  oblii^ed  them  to  think  of  re- 
ting  ;  in  a  little  time  the  fummit  of  the  moun- 
was  furrounded  by    them,    they   fprcad   and 
ered    the   whole  horizon,   a  premature  night 
rited  them  in  a   very   dangerous  road,  and  a 
ft  vidtnt  ftorm  of  wind,  ram,  hail,  and  thunder, 
cd   the  greater  part  of  the  night ;  it  extended 
over  all  the   neighbouring  mountains  and  plains  i 
after  the  ftorm  ceafed,  the  rain  continued  wiih  very 
few  intcrmilTions  till  the  next  day  at  noon.  The  hy- 
^grontcter  being  examined  in  one  of  thefe  uitcrvaJs, 
|Hy  fhewed  JtV  more  moifturc  than  before;  and  even 
^Hs  increafe  was  no  other  than  vhat  the  difference 
|H  heat  was  fufficient  for  producing;  ncvcrthelefs 
pew  clouds  were  formed,  and  the  ram  began  again, 
Imccompanying  our  travellers  by  fits  to  the  bottom 
of  the  mountain  ;  when  arrived  there,  the  clouds 
entirely   difperfcd,  the  hygrometer  was  again  ob- 
lerved  in  the  open  air,  and  though  the  earth  was 
ched  with  water,  and  the  heat  much  Icfs,  the 
L  1  2  hygrometer 


5i6      Lecturjes  on  Natural  pHiLOsoraT.      ■ 

hygrometer  was  its^O^^thuf^  it  had  been  two  di]fil 
before,  after  a  courfe  of  tine  u  caiher.  Now  tr6<Wl 
was  all  this  water,  and  all  the  ingredients  of  tha 
ftorm,  while  the  hygrometer  ihcwcd  fuch  a  dcgrcel 
ofdrynr/s  in  the  ftrLitum  where  it  was  formed?     1 

The  reafoning  of  Mr.  de  Luc  is  confirmcJn 
by  the  phenomena  of  fair  xveafberi  continued  c\> 
poration  from  the  inexhauftible  fourcc  of  vapotir 
the  ocean,  and  from  the  earth  after  it  has  bcca 
foaked  with  rain,  would,  if  vapour  did  not  cban^e 
it*s  nature  in  the  atmofphcre,  render  it  more  aiid 
more  humid,  and  bring  it  at  laft  to  a  maximum  of 
humidity,  as  it  does  under  a  glafs  receiver.  But 
experience  Akws,  that  though  the  evaporation  con* 
.tinucs  for  feveral  months  together  on  vafl  extenu 
both  of  feas  and  continents,  the  air  does  not  be- 
come moifter,  but  on  the  contrary  more  and  more 
iSry*  The  diminution  of  heat  in  the  night  pn>- 
duces  dew  ;  but  this  fymptom  of  humidity  dimi- 
nifties  from  day  to  day,  and  fometimes  coifes 
altogether. 

Many  attribute  the  ordinary  occurrences  of 
rain  to  changes  in  the  zi-imis.     When  it  ra^ 
a  foutb   u/wt/>  it   is  fuppofed  that  thcfe  w 
warm  bccaufe  they  come  from  the  fouth,  and  that 
they  are  more  humid  becaufe  the  greater  heats  in 
ihofe  t  limatcs  from  which  they  proceed,  ought  to 
produce  n  greater  degree  of  evaporation,  and  that 
confcquently  when  this  air  meet/  with  a  colder 
part  of  the  atmofphcrc,  the   ^^atcr  it  contained 
would  be  precipitated.     If  it  rains  by  a  norib  ^jfinit 
it  is  imagined  that  this  wind  being  colder  than  our 
air,  produces  the  fame  efteCt  that  this  did  upon  the 
fouth  wind.     There  are  hov^ever  various  reafoail 
which  prove,  that  thcfe  winds  arc  not  the  iminc-l 
diate  cjufe  of  the  phenomena.  I 

To  place  this  hyporhefis  in  the  moft  (avauf«l 
able  light,  we  will  fuppof&that  one  ilratum  of  air  I 
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is  at  reft  and  the  other  in  motion,  and  that  both 
are  faturated  with  the  immediate  produd  of  eva- 
poration. But  the  quantity  of  evaporated  water, 
which  conftitutes  faturation  or  a  inaximiini  uf  hu- 
midity in  the  air,  varies  with  the  temperature,* 
augmenting  or  diminiflimg  with  the  heat.  The 
colder  air  will  thertforc  contain  proportionally 
Icfs  evaporated  water  than  the  other.  When  thefe 
two  airs  meet,  the  one  will  be  cooled,  which  (liould 
produce  a  }>rccip!tation  of  water;  but  the  ochcr 
will  at  the  fame  time  be  as  much  heated^and  there- 
fore capable  of  receiving  the  fopcrfluous  wacer :  at 
firfl:  a  mtj}  may  be  formed,  but  th^s  will  not  be 
durable  ;  for  as  it  ia  in  contaift  with  the  air  that  is 
rowing  warmer,  it  is  foon  dilfipatcd. 

It  fomctimes  rains  with  a  fouih  wind,  which 
IS  to  embrace  the  whole  height  ol  the  atmo- 
Rhere  ;  here  it  has  been  gratuitoufly  fuppofcd,  that 
lis  air  proceeded  from  the  torrid  zone,  faturated 
^th  water  throughout  it's  whole  height.  Granting 
lis  fuppolkion,  it  will  not  account  for  the  pheno- 
:na  of  rain,  I  flialt  not  tonfidcr  here  tht-difTer- 
^cc  in  the  feafons,  which  ought  necetTlirily  to 
Sfluence  thefe  phenomena,  which  however  is  not 
perceived  \  for  wc  have  often  durable  rains  with 
this  wind  in  fummcr,  when  the  change  of  climate 
n\\  occafion  little  or  no  variation  in  it*s  tenipe- 
turc.  Whatever  change  the  heat  of  this  air 
idergocs,  it  will  giadu.il  1/  take  place  on  account  of 
vicifTuudci  of  day  and  night;  io:  as  ibjn  a<  the 
|ys  of  the  iun  cea(e  to  ^ci  upon  our  horizon,  the 
It  in  the  air  deer  cafes  m  as  great  a  degree  as 
It  in  which  it  exirted  at  the  fame  hour  of  tne 
_  ly*  If  the  air  is  thus  co<ilcd  beyond  a  certain 
pointy  the  cxcefs  is  precipitated  in  dezoi  bcfidcs, 
moifture  in  the  atmofpherc  is  daily  deflroycd  by 
fomc  caufcof  which  we  are  ignorant,  and  re-appears 
as   fuddenly  in  vaft  abundance  in  Dme  Iliata  by 
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caufes  of  which  we  are  equally  ignorant.  If  yoi 
confider  attentively  the  confecjuences  of  all  ihefc 
fads,  you  will  fee  that  there  i.<i  very  little  prob*, 
bility  that  air,  which  travels  night  and  day  to 
come  to  us,  and  which  muft  ncceflkrily  confonQi 
and  that  fucccirively,  in  all  the  intermediate  lati^ 
tudes,  to  the  various  caufes  that  determine  tlwi 
mea«i  degrees  of  humidity  and  heat,  can  ever  oca* 
iion  the  phenomena  attributed  thereto. 

The  remarks  I  have  juft  made  on  the  cfFeclfup. 
pofcd  to  be  dcducible  from  different   winds,  are 
formed  from  the  notions  we  gain    hv  obfcrvatiom 
made  ill  phins.     They  are  coniirnied  and  ftrength- 
ened  when  connccflcd  with  obfervations  made  on 
mountains,  for  there  thcfe  winds  are  found  uilh- 
out  tl.'  To  deceiving  appc:\rances  which  favour ihc 
hypc'    vlis   wc  are  comkuing  ;  they  arc  found  to 
conv.       ^^/  there,  while  they  are  communicaring 
heat  lo  r!.c  plains  below.     Now  if  the  jyutb  viud 
derives  it's  heat  Ironi  the  climate  whence  it  pro^ 
ccL  Jed,  why  is  it  not  warm  on  th-j  tops   of  nii)un- 
tiiins  as  well  as  in  the  plains  ?  If  ii  be  f:iid,  that  it 
is  cold  alfo  on  tlic  tops  of  hisch  mountains  in  the 
torrid  zone,  wc  reply,  that  if  fo,  this  in  itfclf  is4 
gr.at  mviUTv  ;  and  further,   that  no  one  can  fup- 
pofe  that  thcfuperior  air  ot  this  zone  preferves  it*! 
pofuionand  degree  during  it's  whole  palFage,  and 
arrives  in  the  i'ame  (late  at  the  tops  of  the  northern 
mountains;  and  we  may  conclude,  that,  though  ihc 
air  which  proceeds  fromclimatcs  w-armer  thanour's, 
be  then  hotter  than  the  air  furrounding  us,  \e!, 
the    grcateft   heat   we    find  therein    does  not  it 
general!  prorevd  from   this   caufe,  but   from  fi 
dillerence  in  it's  nature,  whereby  t\i^  Jolar  ra} 
rendered  more  powerful  and  more  capablf -i 
ducing  heat  nc\.r  the  furfacc  of  thu' 

1  r.'>T;  oofervauons  that  ha* 
fnouiuauis^  we  may  draw  the  fam 
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ingredients,  thofc  that  are  united  depend  on  thcl 
quantity  of  light,     Thus»  however^  new  cc^  ] 

are  formed,  poflTclTed  of  different  colours,  I 

ency,  odour,  flavour,  and  chemical  propcrticsJ 
All  thefe  wonderful  operations  are  produced  b)'  ihJ 
medium  of  the  folar  rays  from  the  atmorphercanJ 
from  the  earth  ;  and  thcfc  modifications  talcinJ 
place  on  the  earth  and  on  the  waters,  ove^M 
whole  furface  of  the  globe,  muft  be  conGderfl| 
a  clafs  of  caufes  which  have  confidcrable  influcii^ 
in  meteorology.  J 

Of  the  Nature  of  Clouds. 

From  confidering  the  caufes  of  rain,  I  proceed 
to  invertigate  the  nature  of  clouds.  As  it  is  fronJ 
thefe  that  rain  proceeds,  we  muft  acknowledge  fhJ 
blefllngs  we  receive  through  them,  though  we  ard 
not  able  to  account  for  their  various  phcnomcnaJ 
They  are  continually  travelling  over  our  globe,  tndl 
by  a  proper  diflribution  of  moillure,  rendering  rhd 
fpacious  pafturcs  of  the  wealthy  fruitful,  and  gUd-j 
dening  the  little  fpot  of  the  cottager,  ^bey  fat;*m 
the  defolate  and  wafte  ground^  and  caufe  the  tud  m 
the  tender  herb  to  Jpring  forth  /  that  the  natives  ofl 
the  lonely  defert,  the  herds  which  know  no  maW 
tcr's  ftalls,  may  nevcrthclefs  experience  the  care  ofj 
an  ALL-s^*rpoRTiN«  parent*  I 

Clouds  arc  compofed  of  a  maftof  rr/?f/^/liW 
foap  bubbles,  which  veficles  are  eafily  perceived 
in  proper  fituations,  particularly  on  high  xt\o\\^' 
tains  :  thefe  veficles  float  in  the  air,  rifing  or  iai  - 
ing,  till  they  arc  in  equilibrium  with  the  air,  re- 
maining fufpendcd  there  as  long  as  they  prefcrvc 
the  fame  flate.  By  the  nature  of  the  fufpcnfion  of 
thefe  aqueous  veficles,  they  do  not  alter  the  prcf- 
furc  cxercifed  by  the  flrata  in  which  they  arc  in*j 
clofed,  neither  on  itfclf  nor  on  the  inferior  ftrata. 

Whco 
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«ii(^ciice  of  thfifc  veficl^s  or  btibblcs  iftbiit  of  flmt 
.^latipn,  they  rife  aikl  a^c^  deftroyc^  A^cefllvd)^ 
Jiike  (be  brilliant  fp^rks  we  often  pefccine  riigM 
i^Fpili  a  chaBng  4ifli^  when  the  cqals  yrc  anivHtMt 
|iy  ^  t)ellowft. 

*  »* 

Op  thb  Duratiqm  op  Qi.ouns« 

Whenever  we  fee  a  r^ift  pr.f|L  fog^  fonofi^%. 
§  known  caufc»  we  are  always  ceitain  ch»t  the  ^f 
ppar8»  frofn  which  it  proceeds,  are  puffing  rqwilr 
pcyond  rheir  maximufn ;  and  (he  mift  ccafes  wha 
|io  freih  vapour  arrives  for  it's  fipppojrt.  The  ^ri^k 
cipiil  known  caufes  of  mifts  9Miid  fc^s  s^re  adi« 
the  ebuUitioa  of  water  in  open  a^r  at  all  Vaam^ 
tmesi,  the  tranfpi  ration  ^  refpir^LUoa^  «k  «% 
I04I5  in  winter,  the  irvi^porAtion  from  IVM  fpnM 
lathe  fame  feafons.  and  the  fpgs,  propcF^j  fiicalkqb 
fjiat  h^pp^n  in  aucumn.  In  all  thele  cafes»  vf 
know  that  the  vapour  is  produced  in  too  great 
fbundancc  for  the  temperature  of  the  neighbour* 
ing  air ;  hence  a  rapid  deftruclion  of  a  part  of 
thofc  which  arrive  in  that  fpace  which  is  occupic4 
by  the  fog.  Meanwhile^  the  fog  only  occupies  | 
certain  fp.-icc,  which  is  nearly  fixed  as  long  as  the 
cir  urnliances  remain  the  fame  ;  in  a  word«  wc 
alwa)s  find  fogs  and  milts  to  ccafe,  as  foon  as  the 
c^  iv:  producing  cl^e  vapiours  ceafes  to  fiirnifli  them 
beyond  tlic  ma.\iinum  fuitable  to  the  tcmperataic 
of  the  air  ;  the  veil  h/s  are  formed  by  a  rapid (kr 
compoikion  of  fup^i.'iv^ons  vapours;  as  fooa  aj| ti)j^. 
4icaie.s,  the  v.-fulci  arc  dilTlpaccd. 

From  a   review  of  kni»vvn  fafls,  you  w 
that  ihc  following  CiiicJ:. funs  arc  well 
ift.   'J'liai.   vcfKlesare  oni)    fi^rm.cd   ir^ 
where   vapours  get   beyond   their 
That  thcfc   vclicles  slvc  concycfe 
tvaporalioii^    like   any    othi^r   ) 
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always  evaporate  ^vhen  thr  i'urrounding  air  is  nor  at 
the  extreme  point   of  bnaii  ^-fy.    3d.    It  is  this  laft 
mentioned  circumlliincc,  which  determines  the  ex- 
tent of  fpace  occupied   by   a  cloud  or  fog ;  fpr 
thcfe  veficles  only  cxifl  in  th:it  part,  where  the 
fburce   of  vapours,  whatever   it    may    be,  having 
prodifced  exlreme  bumiJi/y,  diireminates  fuperflu- 
ous  vapour;  fo  that  beyond  this  Ipace,  the  vcficie* 
evaporate.   4th,  and  laflly.  This  evaporation  is  pre- 
vented in  whole  or  in  part,  cither  by  obdaclcs  that 
oppofe  the  expanfion   of  the  mift   or  fog,  or  be- 
caufe  the  fourcc of  vapours  furnillies  them  lb  rapidly 
that  the  veficles  approach   near  enough  to  unite 
even  in  the  midft  of  the  fog,  which  occalions  them 
to  unite,  and  the  refult  is  a  diftillation  of  water. 
From  hence  we  may  conclude,  that  when  a  cloud 
is  formed   in  air^  whatever  be  the  caufe,  it  can 
only  fubfift   there  while  aqueous  vapours  continue 
to  be  produced  in  the  fame  place.     Thus,  the  ex- 
tent occupied  by  a  c/oaJ,  is   an   indication  of  the 
caufe  which  produces   vapours,  or  of  it's  intenlity 
in  fome  part  of  ihis  fpace  :  extreme  humidity  ex- 
ifts  but  very  little  beyond  the  extent  of  the  c/oud^ 
and)  as  foon  as  the  caufe  which  furniihes  the  va- 
pour ceafes,  the  cloud  diflipatcs. 

We  have  been  accudomcd  to  fee  clouds  from 
our  earlieft  infancy  ;  they,  therefore,  neither  ex- 
cite attention,  nor  awaken  admiration,  and  yet,  of 
all  the  objei^ls  which  furrou.id  us,  ihcrc  is  none 
lore  truly  wonderlul,  or  more  worthy  of  atnentioo- 
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and  wait   there,    till    frcfli   light  enables  ihcroio 
proceed  further* 

The  traveller,  who  has  frequented  high  moon- 
tains,  knows,  that  clouds  arc  a  fpectcs  of /«?f  or 
mijii  much  rcfembling  thofc  wc  perceive  on  plaini; 
he  has  alfo  remarked,  that  uherc  clouds  irc 
fcattcrcd  in  the  air,  the  flrata  where  the)  arc  irtrl 
with,  are  not  at  extreme  humidity.  Among  other 
inftances,  Mr.  de  Luc  mentions  one,  where  he 
faw  his  own  fliadow,  and  ihatcf  the  rock  on  vhith 
he  was  fituated,  projcd:cd  en  a  cloud  beneath  him, 
in  a  ftratum  where  there  were  many  other  fimibr 
clouds  extending  to  a  ctmfiderabic  diflance.  The 
air  was  very  fcrcnc,  and  there  was  not  the  leaft 
fymplom  of  extreme  bumidiiy.  How  are  fuch  clouds 
preferved?  Whence  do  they  increafc  to  ihecjc? 
Why,  as  they  are  continually  evaporating,  arc  rliv 
not  immediately  dilTipated? 

The  evaporation  of  clouds,  even  while  tficy 
are  increaOng  in  fize,  is  a  circumflance  of  whichi 
you  may  ealily  be  fatisfied,  by  conlidering  attw 
lively  the  broken  edge  of  a  cloud,  which  has  m 
azure  ground   behind  it.     Thefc  edges  prcfcnt  to 
the  imagination  a  thoufand  grotcfquc  forms,  which, 
by  their  Ilriking  changes,  will   aflift  you  in  your 
refearches.      Often   you    may   perceive    the  part 
which  you  arc  looking  at,  jdifiipated  in  the  placei 
where  it  was  firft  obfervcd  :  often  it  ft  retches  itfcif 
out,  the  cloud  remaining  llationary*  and  vanilbvi^ 
while  it  is  thus  extending  itfelf.     Somt^timcs  nhili 
one  fcfloon  viniil^es,  others  arc  formed,  by  whic 
the  cinud  isenlajgcd  ;  at  uthcr  times  it  dm^.rnifli 
cs,  the   fcftoons  fucccdivtly  eva|)oiating,   till  th 
whole   difappears.     it    is    mijxjlliblc   to    confidei 
thefc  various   metamorphofcs  of  the   fame   tluudi 
w  ithout  fuppofmg  that  there  Is  in  the  air  a  fourc 
oi  vapcnrs^  \ihich  are  prociuted  in  the  place  where 
the  cloud  is  formed^  and   that  it  i^  by   the  con- 
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tinued  produflion  oi  frejb  vapour  that  the  cloud 
fubfifts  and  increafes^  though  continually  eva-- 
porating.  When  they  wholly  difappear^  it  is  be- 
caufe  the  evaporation  is  not  repaired  by  the  forma- 
tion of  frelh  vapour.  Thefe  phenomena  are  inde- 
pendent of  beat  and  cold^  for  clouds  are  fometimes 
formed  fuddenly  in  the  midd  of  a  hot  day,  and  after 
they  have  poured  down  their  water^  all  is  clear 
again.  Sometimes  they  evaporate  after  fun-fet^ 
gradually  vaniihing  in  the  calmeft  weather,  without 
change  of  place.  The  appearances,  on  the  whole, 
are  fuch  as  would  be  produced  by  a  large  mafs  of 
water  in  violent  ebullition,  fufpended  invifibly  ia 
the  atmofphere;  and  the  iimilarity  in  the  effedl; 
naturally  points  out  an  analogy  in  the  caufe,  that  is, 
ajource  of  vapour  in  the  atmofphere. 

When  it  rains,  the  fource  which  furnifhes  va- 
pours produces  them  in  fuch  abundance,  that  the 
veficles  which  arc  formed  are  driven  againft  each 
other  even  in  the  bofom  of  the  cloud ;  and  not 
having  time  either  to  difperfe  or  evaporate,  they 
are  united;  and  the  water  falling  to  the  lowelt 
part,  as  in  foap-bubbles,  they  are  foon  burft,  and 
fall  as  rain.  It  is  to  thefc  furcharged  veficles  wc 
muft  attribute  the  pendent  fringes  which  are  fome- 
times fcen  under  the  clouds  towards  the  horizon. 
Experience  has  (hewn,  that  it  rains  under  thofe 
clouds;  not  that  thefe  fringes  arc  rain  itfelf,  but 
the  veficles  which  fall   by^.lhe   augmentation   of 


their  weight.     As  drops  ^ 
veficles  are  deftroyed. 
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l^ft.  This  is  ^  fail  often  obferved,  bur  to  us  incx- 
plicablc.  It  is  no  doubt  conneftcd  in  fomc  way 
with  the  primitive  caufe  of  rain,  but  with  that 
caulc  we  are  unacquainted.  The  relation  of  raia 
\rith  the  barometer,  is  a  fubjeft  as  obfcure  as  the 
caufe  of  rain  itfclf. 

In  the  midfl  fometimes  of  the  fineft  days,  and 
\irhile  ordinary  fymptoms  indicate  that  the  air  is 
Jry,  and  this  as  well  in  the  vallics  as  on  the  moun- 
tains, bright  heavy  clouds  appear  on  an  azure 
ground,  announcing  fudden  rains.  Sometimes  thcfc 
clouds  incrcafe  cnormoufly,  and  dcfccnd;  other 
clouds  form  about,  and  unite  to  them  ;  the  air  is 
darkened,  as  if  a  curtain  was  drawn  between  heaven 
and  earth.  From  the  tops  of  high  mountains, 
thefe  clouds  may  be  often  fccn  to  accumulate  ra- 
pidly over  the  plains;  while  from  thcfc  the  azure 
ground  of  the  heavens  difappcars,  the  wind  often 
rifes,  and  blows  from  different  quarters  in  a  kind 
of  \chirlwind,  and  laftly  it  pours  with  rain.  As 
foon  as  the  rain  ccafes,  the  curtain  is  withdrawn, 
the  calm  is  reftored,  the  fun  rc-appears,  and  no 
other  vcftiges  remain  of  this  grand  phenomenon 
tut  the  water  that  is  on  the  ground. 

When  the  air  is  difpofed  to  produce  this 
phenomenon,  you  will  often  fee  the  chuls  rifing 
from  the  horizon ;  fometimes  from  the  fide  where 
the  wind  proceeds,  fometimes  from  other  quarters. 
Often  thefe  heaivy  (bowers  are  partial  :  fometimes 
they  re-commence  at  intervals,  accompanied  with 
heavy  fqualls.  Sometimes  thefe  heavy  intermitting 
Ihowers  are  a  prelude  of  more  lading  rains ;  in 
which  cafe  the  clouds  unite,  the  wind  goes  down, 
and  you  have  one  or  more  fucceffive  days  rf 
rain* 
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Of  Hail. 

Sudden  ftorms,  accompanied  with  bail  and 
thunder,  are  amoiig  the  number  of  phenomena 
uhich  {hew  how  ignorant  we  are  of  the  caufes  of 
thofe  that  we  obfcrve  in  the  atmofphcre.  Hail  ift 
a  fign  of  a  great  dt'grec  of  ccla;  but  what  is  the 
imnnediate  caufe  tluicof?  Whence  a  fubflance, 
that  muft  require  fo  intenle  a  cold  for  it's  forma- 
tion»  in  feafons  fo  warm  as  thofc  in  which  hail  is 
chiefly  formed  ?  It  is  luppofed,  in  general,  that 
hailftones  are  drops  of  rain,  which,  falling  through, 
a  colder  region  of  air,  arc  congealed  in  their  paf*- 
fagc  into  a  rarified  fort  of  ice.  Dr.  Halley  gives 
an  account  of  hailftones  that  ivcigbed  five  ounces 
each,  and  fays,  it  is  very  cxtr  .ordinary  that  fuchforC 
of  vapours  (hould  continue  unoifperfcd  fo  long 
a  trad:  as  lixty  miles  togt.i;(  r  ;  ami  i.i  all  the  way 
t>f  it's  paffage,  occalioi  lb  exiraordmary  a  coa« 
^ulation  and  c'^ngelati  n  in  the  watery  clouds,  as  ta 
increafe  the  ha.Ktoncs  ro  to  valt  a  bulk  in  fo  ihorC 
a  fpace  as  that  of  their  tall. 

Of  Thunder. 

All  the  phenomena  of  ftormv  clouds  are  ob- 
fcurc,  and  I  an^  afraid  there  is  very  little  proba-*. 
bility  of  explaining  them  ind.*r.endent  of  each 
othzr.  Thoi'c  t!.at  rrc  fariNficd  with  conjedlurcs, 
ma)  find  enough  at  th^ir  .■  rvicc;  but  he  who  con*, 
ductv  himftlf  by  the  "  fcaie  and  chart  of  tnith," 
will  J'ld  little  to  dctpend  upon.  It  is  thus  with 
thunder  and  lightnin;^-:  \\c  cxn  neither  account  for 
the  immenfc  quantities  of  ckctr'city  difciiarged  by 
the  one,  nor  the  rumbling  noife  of  the  other. 

Mr.  Voha  fuppofed  that  water,  by  being 
changed  into  vapour,  acquired  a  greater  capacity 

for 
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for  the  dcCtric  fluid,  and  that  thus  cle(5lricitf  wm 
continually   conveyed    to  the  altnofphere  by  evm 
f oration ;  and  [his  he  deduced  from  an  expcnmeisu 
in  which  water  being  evaporated  from  a  body.  In 
that  body  negatively  eletflrilicd.     This,  however,  ■ 
by  no  nneans  fatisfactory  ;  for»not  to  in fi ft  on  the  faU 
lacy  of  the  terms /^q/Jr/W  and  negative^  as  both  elea 
tricities  may  beproduced  by  evaporation,  if  thcelcM 
trie  fluid  pafled  from  the  earth  to  the  atmofphcil 
by  evaporation,  and  it's  return  was  occalioned  by  tM 
rcduflion  of  vapour  into  water,  there  would  alwail 
be  more  or  Icfs  lightning  when  there  was  violeflfl 
and  fudden  rain,   for  in  this  cafe  it  would  be  nl 
pidly  difengaged  J  but  there  is  much  oftener  viol 
lent  and  fudden  rain  without  than  with  ltghtninga| 
In  this  cafe  lightning  al fo  fliould  always  be  pre- 
ceded  by  rain,    whereas  there  is  often  lightning 
aimong  the  clouds  without  any  rain,     Fujihcr,  if 
we  are  unable  to  explain  rain  by  the  vapours  wfalcli 
cxifted  in   the  air   before   the    formation   of  the 
clouds,  the  fource  of  elevflricity  exifting  in  clouds 
ought  not  to  be  fought  for  in  vapour.     Indeed,  on 
this  fuppofition,  as  foon  as  there  was  a  violent  rain 
the  lightning   would   ccafe,  and  the  fluid   would 
pafs  off  by  the  dropSj  illuminating  the  air  by  it*s 
paflage  from  drop  to  drop. 

There  fecms  to  be  no  other  mode  of  confi- 
dering  lightning,  than  as  an  expbjion^  that  is,  a«  t 
fudden  production  of  a  great  quantity  of  the  elec- 
tric fluid;  the  fluid  which  is  then  manifcftcd 
cxifting  as  fuch  but  jiirt  before  we  perceive  irti 
eflrds  ;  jufl:  as  the  vapour,  of  which  the  clouds  are! 
lormed,  do  not  exift  as  vapour  in  the  air  until  the 
moment  of  their  appearance  :  the  air,  a^  yet  Irii^A 
parent,  contained  neither  the  vapour  of  which  thel 
cloudisibrmedj  nor  the  electric  fluids,  liut  the  in-l 
predients  proper  to  give  birth  to  both  of  theni-[ 
Jjy  fonie  caufe,  of  which  wc  arc  ignorant,  clouds  of  1 

a  certain  j 
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a  certain  kind  arc  formed.  During  the  pro- 
grefs  of  their  formation,  and  by  fits,  the  electric 
fluid  is  produced  in  great  abundance,  and  ex- 
'blodcs  every  time  it  is  thus  produced.  Obfcrva- 
lions  made  among  mountains  where  clouds  are 
formed,  point  out  this  to  be  the  refult  of  the  phe- 
nomena. 

In  a  ftorm  obferved  by  Mr.  de  Luc  on  the 
Buei,  he  had  an  opportunity  of  obferving  this  phc- 
iiomenon  with  all  it's  modifications.  The  <?/>  of 
the  ftrata  where  he  was  fituated  was  perfectly  iranf'- 
parent  and  dry  j  the  thermometer  at  6  of  Reaumur. 
Notwithftanding  this,  clouds  formed  here  and 
there :  by  degrees  they  augmented,  then  became 
united,  embracing  the  fummit  of  the  Buef,  and 
fupporting  themfelves  againft  Afo^ii  Blaiic^  and  the 
fummits  of  the  neighbouring  mountains.  Mr.  de 
Luc  and  his  companions  were  inundated  with  rain: 
though  the  clouds  and  the  rain  formed  a  complete 
conductor^  communicating  with  the  ground,  yet 
there  was  a  continuance  of  thunder  for  a  conli- 
derable  time,  and  often  very  violent.  Other  in- 
ftances  may  be  found  in  the  works  of  Mr.  de 
SaulTure,  of  thunder- ftorms  where  the  clouds 
formed  a  conducing  communication  with  the 
ground,  and  yet  where  the  thunder  fucccedcd  with- 
out interruption. 

The  rumblinix  nolfc  of  thunder  has  been  c» 
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times  intermingled  with  fuch  terrible  cbpj,  u 
deprive  the  hypothcfis  of  all  probability;  arothet 
inconfiftences  therein  might  be  pointed  out.  The 
rumbling  and  repeated  echoes,  &c,  of  thunder,  flill 
remain  among  the  phenomena  not  yet  accoumcd 
for. 

In  general,  a  courfc  of  hot  weather  prccev' 
thundcr-ftorm ;  and  it  feldom  happens  thai  ia» 
hot  weather,  in  the  fummer,  terminates  without  i 
ftorm  of  thunder*  Hence,  alfo,  in  the  Eaft  and 
Weft  Indies,  where  the  climate  i$  fo  much  hmtcri 
thunder  and  lightning  arc  not  only  much  marc 
frequent^  but  much  more  violent^  than  in  this 
country. 

Or  Winds* 

Of  winds,  the  obfcrvarion  of  our  Saviour  ill_ 
ftill  juft;  we  hear  the  found  of  the  wind  aa  it  psiTes' 
by,    but  wc  neither  know  whence  it  coniej,  nof, 
whither   it  goes ;    we    cannot  determine  how  itf 
originates,  or  why   it    ccafes.      The  great  BsaUt 
indeed,  was  of  opinion,  that  by  a  clofe  and  regohf- 
hiltory  of  the  winds^  continued   for  a  number  ofl 
ages    together,   and   the    particulars  of  each 
fervation  reduced  to  general  maxims,  ue  might; 
laft  come  to  underftand  the  variations  of  thii  ct*l 
pricious    element,  and   he  able  to  foretcl  the  ccr* 
tainty  of  a  wind,   Mith  as  much  cafe  as  wc  now 
foretcl  the  return  of  an  cclipfe.     Indeed  his  owa 
beginnings  in  this  arduous  talk  fecm  tu  fprak  the 
polfibility  of  it's   fuccefs ;    but   unfortunately  ihji 
invcftigation  is  the  work  t)4"agesj  and  wc  want  * 
liacofi  to  direC:!:  the  procefs. 

In  the  Hijkria  FenictTim^  Bacon  reckons  thrtf J 
(burces  of  winds ;  one  by  defccnr  from  the  fapc«* 
rior  regions  oi  the  atmofphcre,  another  from  the 
tipaniion  of  the  lower  air,  and  a  third  by  exfpi-* 

IltlOtt 
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from  the  earth  ;  of  which  lad  he  propofes 
an  objcft  of  inquiry.  What  winds  blow  out  of 

Jtcrraneous  caverns?  Whether  they  come  forth 
ui  large  body,  or  blow  infcnfibly  here  and  there  ; 
■I  then  unite  in  one  ftream,  like  a  river  formed 
R  of  many  different  fprings?  This  latter  caufc 
as  been  but  little  attended  tOj  though  this  reci- 
rocation  between  the  earth  and  air  is  furely  a 
ttf  interefting  part  of  natural  philofophy*    In  the 

juage  of  holy  writ,  God  is  faid  to  bring  the  zvindi 

\ofhh  treafurett  as  if  fomc  hidden  ftorchoufe 
alluded  to,  fuch  as  that  of  the  waters  and 

hies  between  the  earth. 
The  annual  revolution  of  the^»  is  doubtlefs  a 

ieral  caufe  of  winds  ;  but  this  caufe,  confidcred 
lone,  fhould  produce  regular  winds,  whofc  pro- 
refs  would  correfpond  tOj  and  be  conne<Jted  with 
\kt  feafons;  but  the  phenomena  obferved  by  no 
leans  enaljle  us  to  perceive  this  connedHon. 
Kre  is  another  caufe,  of  which  wc  may  form  an 
perfect  idea,  by  which  the  winds  proceeding 
lom  the  fouth,  may  be  fouth-wcft  to  us,  and  thofc 

Kch  come  from   the  north,    north-eaft*     This 
t  is  the  difference  in  the  velocity  of  the  motion 
the  parts  of  the  earth  we  inhabit,  and  that  at 
?   equator,  or  the  polar  circles.     If  the  air  was 
fi    at  the  equator,  that  ts,  moved  with  the  fame 
ocity  as  the   earthy  ami  that  in  coming  from 
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Of  thcfc  caufcs  we  have  fome    knowledge-, 
but  there  muft  be  many,  and  more  powerful  ono, 
to  produce  thofe  plienomcna  to  w  hich  we  arc  con. 
tinual  witncfltrs,  and  to  which  thefe  Icem  to  have 
little  or   no  alHnity.     Evaporation  and  rain  bve 
been  conlidered  as  caufcs;  but  they  arc  alfobyno 
means  adequate  to  the  purpofe.     Evaporation  u 
conftantly  operating;  it  is  alfo   more  abundant  in 
thofe  places   where  the   heat    is  greateft.     Thefc 
places  are  continually  varying;  but  flill  the  variaiions 
in  evaporation  arc  fo  How,  and  the  differences  in  heat 
fo  infcnli'^Ic  from  one  place  to  another,  that  it  can 
never  oc.  plion  any  fuddcn  and  violent  wind.  Rain, 
\\hichis  the  invcrfc  of  evaporation,  operates  virh 
more  rapidity:  but  the  fame  rcafons  wiiich  prove 
that  rain  cannot  be  formed  of  the  immediate  pro- 
duct of  evaporation,  alfo   prove    that    the  preci- 
pitation of  this  produd,  in  any  flratum  of  air,  can- 
not make  a   fulilcicnt  vacuum   to  caufc  the  fur- 
roLjndin>j  air  to  prcls  in  v.  ith  violence. 

\Vc  mult  then  have  rccoiiifc  to  fome  other 
Ciii:f<.',  to  expLiin  th.c  winds  \\hich  ai:companY  the 
ri'pid  foi  million  and  dcHruction  of  clouds  ;  and  thij 
n.iy  be  found  in  the  return  of  air  to  a  Itate  of  va- 
jM)L!r.s.  li  is  kno\\n  from  experiment,  that  in 
ini'ilar  c.ill-s  flu  re  is  a  j^rcat  incrcafc  of  volume  in 
i!k'  new  liiiivl;  as  in  the  Uuldcn  cxploiicm  of  in- 
l-aUii:  .\')L*  air  u  i'lh  viral  or  common  air.  When 
l!i('  ail  \\  rlianHcd  into  :kuilous  viipour  in  the  ai- 
ri.(;!plx'rv',  rhcic  is  prol^.a-My  a  conlidcrable  expan- 
lion  ot  :i.c  jMrauim  where  this  change  happens,  anJ 
ilic  cllici  is  r.^nc  or  kis  e\ti.nfive  in  proportion lo 
ihc  ilunf.',ih  of  the  caufc.  It  the  product  ion  of  cht, 
lK/u'vIs  l)c  liow,  il"  it  embraces  a  very  great 
of  thic  aimolplicre,  and  if  the  operation  be 
on  at  a  great  heii;;ht,  hut  little  agitation  \ 
perceived  in.  the  air  under  thefe  Itrata:  tl 
iiimns  thereof  extending  lengthwife^  prcxii 
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diftant  countries  vcimis,  of  which  the  inhabitants 
can  no  more  perceive  the  caufes,  than  thofe  near 
which  it  originated.  But  if  the  clouds  arc  formed 
rapidly,  if  they  occupy  but  a  fmall  fpace,  and  are 
not  very  high,  violent  winds  may  be  occafioned  by 
the  fuddcn  expanlion  of  the  medium  where  they 
are  formed.  As  the  quantity  of  vapour  that  is  the 
immediate  produQ  of  evaporation  is  always  very 
fmall,  the  formation  of  drops  of  rain,  on  the  com- 
mon'fyftem,  would  only  produce  infenlible  and 
trifling  motions  of  the  air.  But  in  Mr.  de  Luc's 
iyftem,  the  fuccefTive  produc^tion  of  vapour  in  the 
midft  of  the  air  is  unlimited:  their  accumulation 
in  the  form  of  veficlcs  may  be  immenfc;  and  when 
they  are  rcfolved  into  drops,  a  confiderable  va- 
cuum is  the  natural  confcqucnce. 

From  this  view  of  the  origin  of  winds,  we 
may  fee  alfo  why,  in  a  fcafonofltormsand  fliowcrs, 
a  cold  heavy  cloud,  paffing  over  the  head,  v/irh  a 
hafty  fall  of  fnow  or  hail,  is  often  atcendcd  with  a 
fudden  violent  gull  of  wind,  fuch  as  failors  call  a 
fquall,  which  fubfides  into  a  calm  with  the  de- 
parture of  the  cloud  ;  till  another  cloud,  coming  in 
the  fame  direction,  brings  a  frefh  blaft.  No  tem- 
ped, hurricane,  or  whirlwind,  ever  happens  under 
a  cloudlefs  fky.  We  hence  may  alfo  perceive  why 
a  whiftling  or  howling  noife  of  the  wind  is  the 


molt   infallible  progmiftic  of  rain^^ 
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Of  Tradb-Winds  and  Monsoons. 

There  are  many  parts  of  the  ni-orld  where  the 
winds,  that  with  us  are  fo  uncertain,  pay  thdr 
ftated  vifirs.  In  fome  places,  the  winds  arc  found 
to  blow  one  way  by  day,  another  by  night;  ia 
others,  for  one  half  of  the  year,  they  go  in  a  direc- 
tion contrary  to  their  former  courfc  :  but  what  it 
more  extraordinary,  there  are  fbme  places  where 
the  winds  never  change,  but  for  ever  blow  the 
fame  way.  This  is  particularly  found  to  obtain 
between  the  tropics,  in  the  Atlantic  ocean,  and 
great  Pacific  fea. 

Between  the  limits  of  60  degrees,  namely, 
from  30**  of  north  latitude  to  30^  of  fouth  latitude, 
there  is  a  conftant  eafterly  wind  throughout  the 
year,  blowing  on  the  Atlantic  and  Pacific  oceans; 
and  this  is  called  the  irade^xvind. 

The  trade-winds  near  the  northern  limits  blow 
between  the  north  and  the  eaft  ;  and  near  the 
fouthcrn  limits,  they  blow  between  the  fouth  and 
the  call:. 

Thcfc  general  motions  of  the  wind  arc  dif- 
turbcd  on  the  continent,  and  near  the  coafts. 

Bcyoiid  the  northern  limit  of  the  general 
wind,  on  the  Atlantic  ocean,  the  wcfterly  winds 
prevail,  but  not  with  any  certainty  of  conti- 
nuance. 

In  the  Atlantic  ocean,  the  S.  E.  trade-wind 
extends  as  tar  as  3  degrees  north;  and  the  N.  p* 
tr..d;t-wind  ceafcs  at  the  5ih  degree  N.  In 
tlic  intcnnexliate  Ipacc  are  found  calms  with  raiq, 
and  irregular  uncertain  fqualls  attended  wil" 
thunaer  and  lightnir.g:  but  this  fpace  is  ftiif 
farther  to  the  northward  or  fouthward,  accoi  ^ 
as  the  fun's  dcclmatipn  is  more  Qorcher 
foutiicriy. 
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In  the  Indian  ocean  there  are  periodical  ivinds^ 
called  monfoons,  that  is,  fuch  as  blow  fix  months 
In  one  diredion,  and  the  other  fix  months  in  an 
jnppofite  diredlion  j  the  change  of  their  direction, 
JBiich  is  near  the  autumnal  and  vernal  equinoxes, 
Hkiccompanied  with  violent  ftormsof  wind,  thun- 
PPrand  lightning.  Voyagers  to  India  endeavour 
to  time  their  voyages,  fo  as  to  benefit  by  thefc 
winds, 

teOn  or  near  the  coaft  of  Guinea,  the  winds 
w  ahiioft  always  from  the  weft  and  fouth  weft 
j^%^ints.  Between  the  Cape-Verd,  and  the  eaftern- 
moft  of  the  Cape-Vcrd  1  Hands,  there  is  a  tracfl  of 
fea,  which  is  a  perpetual  calm  with  refpe8  to 
wind  ;  but  the  thunder  and  liglltning  there  is 
^xriblc. 

B     The  varieties  and  deviations  both  in  general 

^md  particular  winds,  are  far  from  being  known  ; 

you  cannot,  therefore,  expe<ft  any  theory  that  will 

iblve  them  all  ;  there  are  difficulties  which  perplex 

every  hypothefis  that  has  hitherto  been  fuggeUcd, 

^nd  that  cannot  be  cleared  up  at  prefent. 

^p     The  beft  account  we  have  of  the  uade-winds, 

Ts  that  of  Mr.  Dalton,*  namely.  That  as  the   heat 

•  always greatcfi  in  the  torrid  zonc\  and  decreafes 
[  proceeding  northward  and  fouthward,  with 
fped  to  thtfc,  the  poles  may  be  always  con- 
fidcrcd  as  centers  of  cold  ;  fo  that,  abltra<iting 
from  accidental  circumftances,  there  muft  be  a 
bnnftant  afcent  of  air  over  the  torrid  zone,  which 
Ppcrwards  falls  northward  or  fouthward,  whilft 
the  colder  air  below  is  determined  by  a  conftant 
impulfc  towards  the  equator.  In  general,  where 
the  heat  is  greatelt,  the  heated  air  will  afccnd,  and 
a  fupply  of  colder  air  will  be  received  from  the 
neighbouring  parts, 

M  m  4  The 
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The  following  cfFcds  may  be  attributed  10 ttc 
diurnal  motion  of  the  eaith  ;  the  air  over  any  prt 
thereof,  when  calm,  will    have    the  fame  rotatory 
velocity  as  that  part ;  but  if  a  quantity  of  air  ia 
the  northern    hcmifpherc   receive   an   impdfc  ia 
the  dircdion  of  the  meridian,  either  northward  or 
fouthward,  it's  rotatory  velocity   will  be  greater  io 
the  former,  and  Icfs  in  the  latter  cafe,   than  that  01 
the  air  into  which   it  moves  ;  confequcnrly,  it*.: 
move  northward,  it  \\ill   have  a   greater  vcK-ci^ 
callward  than  ihc  air,  or  furfacc  ot    the  earth  o\.: 
which   it   moves,  and   \\  ill,    therefore,    become: 
S.  \V.  wind,  orav^ind  between   the  ftiULh  and  ihe 
veil.     And,   -c/V'*  TY'r/i.',   if   it  move  Ibiithwanl,  it 
bev'op.Vv-s  a  N.  i'-  wind.    Likewifc,    i:\  the  Ibi.ithcrn 
iKmirphore,  it  will  appear,  the  uinds,  vro'A  r;:v.iiar 
liip')oriLions,   will   be    N.  \V.    and    S.  E.   rcfpc^- 
tively. 

b'rom  thi.s  view  of  the  air,  Mr.  Dalron  a:- 
tJi'ipis  to  explain  iIvMr:uie-u  inj>  ;  he  «.('./.. u.:> 
tv. :»  ;.\.'neral  iniiiles  (;t  ai:,  :'.■>  iM'cvL'Cvlin.?:  iVi.-r.i  h^y.':- 
hv  iv.iij-,here;>  tov^arrU  tlio  i--j.ii.uor  ;  tb.efe,  ls  ih^: 
Tul  wii^.vi*,  :r;L'  ((Jiillaiuly  dci^tvu'd  nioi'/ a.^.u  wx:: 
tov, ;:'..l>j  il:c  ^iiiV,  on  acccuinL  ol"  the  carrh\  rorator? 
m(\ii;n.  That  hi  in  the  n»;rihcrii  liciriifph.::, 
i\-:piiia!Iv  a  norili  v,  ind,  ii  made  to  veer  mort  ar.J 
jiKVA-  towards  t-ie  ealt  ;  and  that  from  the  wi:- 
tlurn  hLiiiif'!.\UMe  is  matle  to  vcvr  from  the 
i'.>i:ih  lov. .'.i\I>,  tlic  eai:  :  thefc  two  niafFes  nieet- 
inj:  in  ihe  torrid  zone,  tl'.eir  north  and  fouth  ve- 
b).  JLits  deliroy  each  other,  i\nd  they  proceed  with 
lixir  c  omiiion  xeloeity  from  ea(t  10  weft,  round 
the  tcirid  '/one.  The  eqi:at(M-  is  not  the  center*  . 
oi' the  concciirfe,  but  the  northern  parallel  of  4',  J 
beeaiife  the  center  of  heat  is  at  that  place,  thefilll  J 
bt  ing  Ioniser  on  the  north  lide  01'  the  equator  d 


V-.cv'..^^  C;r  Ics  Llivikcs  dcs  Vents 
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ti  the  fouth  fide.     Though  ^11   the  parts  of  the 

niofpherc  fecm  to  confpire  in  producing  regular 

ind^  round  the  torrid   zone,  yet,  from  the  fitua- 

(lon  of  thcland  or  other  caufcs,  ftriking  irregulari- 

cs  are  produced  ;  as  is  evident  by  the  nionfoons, 

a  and  land  breezes,  &c.  thcfcare  deviations  from 

general  rule,  but  this  will  ever  be  more  or  lefj 

the  cafe  with  all   hunvm  theories. 

To  explain  the  monjoons^  it  is  necefTiy  to  at- 

I  tend  to  the  circumftances  that  are  peculiar  to  the 
Itidian  ocean^znd  which  are  not  found  in  the  Atlan- 
tic and  Pacific  oceans.  They  fcein  to  be  thefe: 
Ihat  the  Indian  ocean  is  bounded  to  the  northward 
py  fliores,  uhofe  latitude  docs  not  exceed  the  limits, 
of  the  general  trade-wind  ;  and  that  the  general 
trade-wind  falls  on  what  failors  term  lee  fljorcs  to 
the  \\e(lward. 

The  fun  being  twice  a  year  vertical  in   the 

Iequatofj    and  never  departing  thence  more  than 
^34:  degrees,  caufes  the  air  in  that  climate  to  be 
hotter  than  at  any  other  place  in  the  ocean ;  fuch 
f.   rarificd  fpace   muft  extend   acrofs   the    Indian 
ocean,  and  produce  a  S.  E.  wind  to  the  fouthward^ 
and  a  N.  E,  w  ind  to  the  northward  of  the  equator, 
over  which,  in  the  upper   regions  of  the  air,  the 
winds  return  in  the  ccmrrary  direftion.     This  we 
accordingly  fee  happen  in  the  months  of  Odober, 
November,  December,  January,  February,  March. 
But  v\hen  the  fun  declines  to  the  northward,  and 
beats  the  land   there,  the  air  contiguous   to  thole 
nds  is  rarihcd,  and  the  lower  air  has  a  tendency 
ove  that  way  :  this  tendency   increafcs  as  the 
advances  further  north,  fo  that  the  whole  body 
pf  the  lower  air,  to  the  northward  of  the  equator, 
moves  towards   the  northern  lands,  notwithftand* 
ng  the  equatorial  rarifadUon.    It  fcems  then,  that 
he  body  of  the  lower  air,  in  the  northern  part  of 
'  c  Indian  occan^  is  determined^  as  to  it's  courfe. 
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by  the  greater  mifaclion.     If  the  rarifaftifm,  ic  I 
the  furtacc  of  the  land,  be  greater  than  that  at  the  1 
[equator^  the   wind  blows   Co  the   north  ;  and  the   I 
[contrary  happens,  when  the  cquatonat  farifttCHoQ    1 
m  the  grcutcrt.*     Thuii  it  appears,  that   it  is  the   j 
'fituation  of  the  lands^  and  their  effcifl   in  heating  1 
and  rarifying  the  atniorphere,  which  arc  the  prill*  j 
cipal  caufes  of  the  monfoons.     Still,  however,  il  I 
inuft  be  owned,  that  the  explanation  is  impcrfcd,  1 
and  the  obfcrvations   v»c  poUlfs  too  few  for  form-*  j 
inga  theory.     In  the  commencement  of  the  mo!i-  ' 
foons,  to  ufe  the  ftamin's  phrafe,  they  creep  along 
fliore,  they  then   Ipread  into  the  ocean:  at  firft 
they  are  Iccble,  they  afterwards  become  vigorous;  j 
they  then  gradually  diminilh,  and  finally  come  ta 
a  change ;  and  this  twice  in  a  year^  agreeable  W 
cur  Iblar  prog  re fs. 

The  fun  is  the  undoubted  caufc  of  thc/ea  and  J 
land  hreexrs^  which  arc  \MfeIy  appointed  hy  Di^  1 
njine  Provideucr^  to  make  fotne  of  the  hotter  cli- 
mates habitabic.  The  fea  Ifuezes  in  the  Weft- 
Indies  begin  to  appear  about  nine  d*c lock  in  the  1 
morning,  in  a  fine  black  curl  upon  the  water,  ap-  I 
I  proaching  the  (hore  :  it  increafes  gradually  till  I 
noon,  and  dies  away  at  four  or  five  in  the  after-  j 
noon.  About  fix  in  the  evening  it  changes  tea  j 
hnd  ireeze^  which  blows  from  the  land  to  the  fa>  j 
J  and  lafls  till  eight  in  the  morning.  There  is aaj 
jfitcrval  in  the  morning  and  evening  between  the  J 
changing  ol  the  breezes,  when  the  nind  is  flati-I 
onary,  like  the  wucr  before  the  turning  of  the  tide;  J 
and  thele  intervals  arc  the  hotted  parts  nf  the  1 
day. 

The  breezes  aic  thus  accounted   for;   whcQJ 

the  fun   is  up,  his  heat    lakes   more    effeQ  on  thf  1 

land  than  on  the  water,  fo  that  the  heat  isacctmiv-J 

L  latedyj 

^Hl      ^  Nicholfon's  Philgrophy,  VuL  g,  p>  61,  and  £s«  J 
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TTic  rains  in  the  Weft-Indies  arc  by  no  fnCins 
the  things  they  are  with  us.  Ourheavieil:  raimarc 
but  dews  comparatively:  they  are  rather  floods  of 
water,  poured  from  the  clouds  with  a  prodigious 
jmpetuofity  ;  the  rivers  rife  in  a  moment;  new 
rivers  and  lakes  are  f(*rmed ;  and  in  a  ihort  time 
all  the  low  countries  are  under  water. 

It  is"  in  the  rainy  feafon,  principally  in  the 
month  of  Auguft,  that  they  arc  aflaultcd  by  hur- 
ricanes, which  dertroy  at  a  ftroke  the  labours  of 
many  years,  and  proftrate  the  moft  exalted  hopes 
of  the  planter,  and  that,  often  when  he  thinks  him- 
felf  out  of  the  reach  of  fortune.  It  is  a  fuddch 
and  violent  ftorm  of  w  ind,  rain,  thunder  and  light- 
ning, attended  with  a  furious  fwelling  of  the  fcas, 
and  fometimes  w  ith  an  earthquake ;  in  fliort,  with 
every  circumftance  which  the  elements  can  afTem- 
ble,  that  is  terrible  and  deftrudive.  Firft,  rhcy 
fee,  asapreludetothcenfuing  havock,  wholejficlds 
of  fugar  canes  w  hirlcd  into  the  air,  and  fcattercd 
over  the  face  of  the  country.  The  ftroiigcft  trees 
of  the  foreft  are  torn  up  by  the  roots,  and  driven 
about  like  ftubble;  their  wind-mills  arcfweptaway 
in  a  moment ;  their  works,  the  fixtures,  the  pon- 
derous co{.»pcr-boilers,  and  ftills  of  fevcral  hundred 
weight,  are  w rcnchcd  from  the  ground  »ind  bat« 
tcred  to  pieces  ;  their  houfcs  are  no  protccticn; 
their  roofs  arc  torn  of}'  at  one  blalV,  whilll  the  rain, 
which  in  an  hour  rifcs  five  feet,  rullics  in  upon 
them  wiih  irrefij'lihlc  vioK'ncc. 

There  arc  ligns  by  which  the  Indians  of  thtfc 
iflnnds  taiighr  our  planrers  to  progiu^fticare  the 
approach  of  an  hurricane.  The  luinicanc  comes 
on  either  in  the  qiiarter  or  at  the  full  chanj^c  of 
the  moon.  If  it  ccnvcs  on  at  the  full,  then,  at  the 
preceding  cliangc,  the  Iky  is  troubled,  the  liin  more 
rci\  riiar)  ufual ;  there  is  a  dead  calm  below,  and  the 
mountain  tops  arc  free  fnam   thole   mii\&  which 

ufually 
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tiftially  hover  about  them.  In  the  caverns  of  the 
earth,  and  in  wells,  you  hear  a  hollow  rumblings 
found,  like  the  rafhing  of  a  great  wind.  At  night 
chc  ftars  feem  much  larger  than  lifual,  and  fur- 
rounded  with  a  fort  of  burs  ;  the  north^weft  Iky 
has  a  black  and  menacing  appearance;  the  fea 
emits  a  ftrong  fmeli,  and  rifes  into  vaft  waves  often 
^vithout  any  wind.  The  wind  itfclf  now  forfakes 
it's  uCaal  fteady  eaftcrly  ftream,  and  (hifts  about- 
to'  the  weft;  from  whence  it  fomctimes,  with  intcr- 
mifljons,  blows  violently  and  irregularly  about  two 
iiours  at  a  time.  You  have  the  fame  figns  at  the 
lull  moon:  the  moon  hcrfelf  is  furrounded  with  a 
great  bur,  and  fomctimes  the  fun  has  the  fame  ap- 
pcarajice. 

The  nature  of  the  foil  over  which  the  wind 
blows  has  a  great  etfcft  upon  the  quality  of  the  air: 
the  vaft  fandy  defcrts  of  Africa  and  Arabia  give  a 
burning  heat,  and  blafting  quality,  to  the  air  that 
paflTes  over  them.  Thefc  horrid  regions  lie  to  the 
fouthward  and  caftward  of  the  Mediterranean  ;  and 
hence  it  is  that  travellers,  who  have  had  the  op- 
portunity of  making  the  cornparifon,  tell  us,  that 
the  air  oi  the  Wert  liuiii  iila:id>  is  nothing  to  the 
hot  fuii'ocating  winds  which  itiow  in  the  night  at 
Minorca  and  Gibraltar,  for  thcfc  latter  are  fcarccly 
fupportablc  by  the  hinnan  friunic.  At  Goree,  in 
the  river  Senegal,  there  i>  an  cartcrly  wind  from 
the  inland  parts,  wiih  vvh:   ii  thnlc    who  are  fiid- 


denly  met  by  ic  in 
blait  from  a  furn; 
An  extraord 
iionally  at  Talkta 
fion  is  Ihorr:  it 
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ic  under  m 
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Mrith  a  flopped  perfpiration,  heavinefs  at  the  bitili 
and  fore  throat ;  but  recover  with  care. 

But  beyond  all  others  in  iV^  dreadful  effieflt, 
is  the  famiel,  or  mortifying  wind,  of  the  dc&iti 
near  Bagdad.  The  camels,  either  by  inftindor 
experience,  have  notice  of  it's  approach ;  andaic 
fo  well  aware  of  it,  that  they  are  faid  to  makcaa 
unufual  noife,  and  cover  up  their  nofes  in  the  fani 
To  efcape  it's  efFcds,  travellers  throw  chemfeivcsai 
clofe  as  pollible  to  the  ground,  and  wait  till  it  his 
pafled  by,  which  is  commonly  in  a  few  minutes. 
As  foon  as  they  who  have  life  dare  to  rife  s^in, 
they  examine  how  it  fares  with  their  companions, 
by  plucking  at  their  arms  or  legs  ;  for  if  they  are 
dcftroycd  by  the  wind,  their  limbs  are  abfolucdf 
mortified,  and  will  come  afunder.  It  is  faid  of  this 
wind,  that  if  it  happens  to  meet  with  a  (howcrof 
rain  in  it's  courfc,  and  blows  acrofs  it,  it  is  at  once 
deprived  of  it's  noxious  quality,  and  becomes  miU 
and  innocent.  It  is  alfo  faid,  that  it  was  never 
known  to  pafa  the  Malls  of  a  city. 

Of  the  Aurora  Borealis* 

No  perfon  has  paid  fo  much  attention  to  this 
fubjcft  as  Mr.  Dakon ;  he  is  alfo  the  only  one  thai 
I  know  of  who  has  given  a  clear  and  fatisfadory 
account  of  this  phenomenon.  To  his  work  I  muft 
refer  you  ;  contenting  myfclf  here  with  laying  be- 
fore  you  his  account  of  the  appearances  oi"  the  aU' 
rora  ioreah's,  without  entering  into  his  explanation 
thereof. 

The  appearances  of  the  aurora  come  under 
four  different  dcfcriptions.    ill,  A  borit^iOiiiallnt^/ 
like  the  morning  aurora,  or  break  of  day.    2flSSf 
Fine,  flendcr,  luminous  beams^  well  defined,  aij 
denfe  light.     Thcfc  often  continue  a  quartei 
half,  or  a  whole  minute  apparently  at  reft,  I 

oftc;; 
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^cncr  With  a  quick  lateral  motion,     jdly,  Flajhes 
Mnting  upward,  or  in  the  fame  direction  as  the 
ims,    which   they  aluays    fucceed.     Thefe   arc 
^ly  momentary,  and  have  no  lateral  motion  ;  but 
ey  are  generally  repeated  many  times  in  a  mi- 
te.    They  appear  much  broader,  morediftufe^ 

of  a  weaker  light  than  the  beams  ;  they  grow 
idually  fainter  till  they  difappear^  and  fome- 
les  continue  for  hours,  flafliing  at  intervals, 
lly,  Arches,  nearly  in  the  form  of  a  rainbow  : 
tfe  when  complete,  go  quite  acrofs  the  heavens^ 
)m  one  paint  of  the  horizon  to  the  oppofitc 
lint. 

When  an  aurora  happens,  thefe  appearances 

em  to  fucceed  each  other  in  the  tbllovving order: 

the  faint  rainbow^dke  arches  i   2.  the  teams ;  and 

the  flajbes.     As   for    the    northern    horizontal 

fht,   it  appears  to  confift  of  an   abundance  of 

hts^  or  beamSy  blended  together  by  the  filuatioa 

the  obferver. 

The  beams  of  the  aurora  borealia  appear  at  alt 

ices  to  be  arches  of  great  circles  of  the  fpherc, 

Ith  the  eye  in  the  center;   and  thefe  arches,  if 

)longcd  upwardi?,  would  all  meet  in  one  point. 

The  rainhQwMke  arches  all  crofa  the  magnetic 
natan  at  right-angles*  When  two  or  more  ap- 
ir  at  once,  they  are  concentric,  aru!  tend  to  the 

and  welt ;  alfo  the  broad  arch  t  Tjtntal 

bt  tends  to  the  magnetic   e;*  '  s^^^^ud  \^ 

fcified  by  the  nugncuc  mcri^*  ^^^^Bj^tiv^ 

0m  extends  oyff^^gmu^i\ 
icthcr  ;  ■   •■'    ■  '    Trv      .  ^' 
jminat^     . 
ft,  ia  hall  the 
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That  point  in  the  heavens  to  which  the  hams 
df  the  aurora  appear  to  converge,  at  any  place,  is  the 
fame  as  that  to  which  the  fouth  pole  of  the  dipping 
needle  points  at  that  place. 

The  teams  appear  to  rife  above  each  other  in 
(iicceflion;  fo  that  of  any  two  beams,  that  which 
has  the  higher  bafe  has  alfo  the  higher  fummit. 

Every  team  appears  broadcft  at  or  near  the 
bafe,  and  to  grow  narrower  as  it  afcends  ;  fo  that 
the  continuation  of  the  bounding  lines  would  meet 
in  the  common  center  to  which  the  beam  tends. 

The  height  of  the  rainiowJJke  arches  of  the 
aurora^  are  eftimated  by  Mr.  Dalton  to  be  above 
the  earth's  furface  about  r5o  Englifh  miles. 

Of  the  Sources  of  Heat  and  Cold.* 

If  the  changes  of  the  weather  depended  on 
the  courfc  of  the  year,  and  the  temperature  of 
climates  were  governed  by  their  fituation  with  rc- 
fped:  to  the  fun,  that  is,  by  their  latitude,  then  the 
weather  might  be  reduced  to  fome  regular  theory. 
But  this  is  fo  far  from  being  the  cafe,  that  the  hrltude 
of  a  place  cannot  be  confidcred  as  an  index  to  the 
temperature  of  the  climate  :  for  we  find  the  hotteft 
days  in  the  coldeft  climates ;  and  the  coldcft  wea- 
ther, and  even  perpetual  fnow^  arc  found  in  coun- 
tries bordering  on  and  immediately  under  the 
ifluator ;  fo  that  we  muft  recur  to  fome  other  caufcs 
belides  the  immediate  influence  of  the  folar  rays. 

I.  But  though  the  fun  is  not  the  only  caufe, 
it's  prefence  is  undoubtedly  the  principal  fource  of 
"heat  as  well  as  light,  and  it's  abfence  rhc  primary 
caufe  of  cold.     It  is  indeed  the  great  fpirit  of  the 

world : 

♦  Kirwan's  Eftimatc  of  tha  Temperature  of  difFcicnt  LatK 
tudcs. 

Jones's  Pbyfiological  JDifquindons. 


Of  Meteorology* 


545 


Ivorld :  all  things  revive  at  his  approach ;  winter 
and  frofl:  lay  behind  him. 

2.  The  fecond  fource  of  heat  is  the  earth. 
Nobody  has  yet  been  found  fo  abfurd  as  to  fuppofc 
that  human  pcrfpirarion  was  owing  to  the  air  that 
furrounds  the  (kin;  it  originates  in  an  internal 
caufc;  it  is  occafioned  by  a  heat  within,  hot  the  air 
without.  It  is  the  fame  with  refped  to  the  earth ; 
which,  by  imparting  it's  heat  to  the  atmofphere, 
moderates  the  rigour  of  the  winter's  cold.  Whe- 
ther wc  fuppofe  that  this  heat  arifcs  from  a  central 
(burce,  or  that  the  globe,  from  it's  firft  creation, 
was  endued  with  a  heat  fufficient  for  all  the  pur- 
pofes  it  was  intended  to  anfwer;  yet  it  is  evident 
that  it  is  renewed  and  preferved  by  the  influence  of 
the  fun,  and  that  there  is  always  a  filerit  and  imper- 
ceptible heat  proceeding  from  the  earth. 

Mr.  de  Luc  fhcvvs,  that  our  globe  has  a  pro- 
vifion  of  fire  fpread  through  it's  whole  mafs ;  fo 
that  wherever  there  is  no  chemical  operation  to 
difengage  or  to  abforb  it,  this  fire  maintains  the 
fame  degree  of  expanfive  force.  From  obfervation 
ti'e  alfo  find,  that  the  fame  degree  of  heat  reigns  in 
All  fubterraneous  places,  except  in  riiines  where 
there  is  reafon  to  fufpecl  fome  chemical  ope- 
ration. With  refpedl  to  thofc  parts  of  the  globe 
which  are  iieareft  the  furface,  the  fire  pafTes  there- 
from iftto  the  air,  when  it's  expanfive  force  exceeds 
that  of  the  fire  \n  the  air^  and  vice  verfa.  Thus  a 
Certain  equilibrium  is  preferved  near  the  furface^ 
hough  fubjefl  to  certain  \ 
The  folar  rajs  exerci 
1  tht om  acting  ^^  /ire,  i« 
jrpanfi ve  force  of  ^j^a  c%ii\i 
fnariom  of  Srt  ^fc  conrinu 
^n  the  r        .^r#ft<?  globe 
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compoTftions  occafion  the  greater  part  of  tcrrcftriil 
phcnonuna.  I 

3.  The  next  great  fourcc  of  heat  is  the  com 
dcnfation  of  vapour.  Vapour  contains  a  quantis 
of  fire :  it  is  this  fire  which  caufes  it  to  afli  J 

fupports  it  in  an  aerial  expanded  ftatc:  w  ^  J 

drnfed  into  a  liquid  form,  it  lets  go  this  fire,  uhUB 
WivriTis  the  furrounding  armofphcrc  ;  hence  thefH 
trincfii  frequently  experienced  before  rain,  1 

^  Of  the  Sources  of  Cold* 

K  As  the  earth  is  one  of  the  principal  fourcct 
of  heat  in  the  atmofphcre  that  furrounds  it,  fo  is 
difl.incc  from  the  earth  a  fource  of  cold  ;  the  grcatefl 
cold  prevailing  in  the  highcft  regions  of  theatmo* 
J|)here  :  for  ^hcre  the  re-adion  is  wanting  by  a 
fuperfkial  preffure,  but  little  effect  can  be  received 
from  the  rays  of  the  fun;  and  it  is  further  provedi 
by  cx|>erimenis  with  the  burning-glafs,  that  a  clear 
unclouded  air  receives  no  heat  from  thefc  rays. 
Hence,  when  we  afccnd  to  a  lighter  air*  atadif» 
tancc  from  the  furfacc,  the  heat  is  not  fufltcient  CO 
njelt  the  fnow;  and  we  find  the  higheft  mountainii 
even  under  the  equinodial^  perpetually  covered  1 
therewith  ;  thus  the  mean  height  of  the  lower  term 
of  cangelation,  in  winter,  in  this  latitude,  maybe 
confidered  in  general  to  beat  6260  feet  from  the 
furfaic,  and  the  mean  height  of  the  upper  term  at 
1125  feet.  VVe  cannot  in  this  Lecture  confidcr 
any  of  the  minute  exceptions. 

Sir  William   Young  gives  a   remarkable  i 
flancc  of  the  efte^it  of  hills,  in  arrefling  vapou 
and  producing  rain,   while   the  exhalations  frotil 
the    trees   on    it*s  furface  cool    and    temper  th( 
airs  obferving,  that  thefmi^och  pohflied  Bafbada* 
and  our  Lecv^ard  Illands,   are  parched  up,   whilj 
the  towering  and  rugged  Dominica,   St,  Vincent? 
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rcnada,  and  Tobago,   enjoy  inccflant  rains,  and 
clicious  verdure. 

It  is  generally  agreed,  that  the  clearing  away 

wood   in  time  leffens  the  vapours,  and  confe- 

uently  the  rain  of  a  country.    Several  fine  pnrilhes 

Jamaica,    which  ufed  to  produce  large  crops  of 

gar  canes,  and  were  once  the  richeft  Ipots  in  the 

and,  are  now  dry  for  nine  months  in  the  year,  and 

re  turned  into  cattle-pens,  through  the  clearing 

way  of  the  neighbouring  woods. 

Water  is  very  pleYitiful  in  thofc  countries  where 
roods  and  forefts  abound,    and  the  pureil  fprings 
re  generally  found  beneath  the  friendly  flielcer  of 
a  grove. 
j  The  natural  hiftory  of  every  country  fhews,j 

^^hat  in  proportion  as  the  woodlands  are  cleared,  the 
^■t^ater  courfes  diminifh. 

^■^  In  America,  unfortunately  for  the  inhabitants, 
Bfhis  truth  is  too  well  known ;  for  fince  the  woods  in 
the  vicinity  of  their  towns  have  been  cut  down, 
many  long  eftablillied  mill  races  have  become  dry, 
and  others  have  been  reduced  fo  low,  as  to  caufe 
very  great  interruptions  ta  the  miller,  who  muft 
wait  a  confidcrable  time  for  the  dams  to  fill  be- 
en every  few  hours  work. 
Hence  we  may  learn  the  important  neceflity  of 
erving  the  trees,  from  beneath  whofe  humid 
ades  a  water  fpring  difcharges  it's  rtreams  j  and  1 
hence,  too,  we  may  learn,  that  the  fmallcft  fprings 
may  be  improved  by  planting  around  them  a  grove 
of  trees,  particularly  the  oak^  fo  highly  valued  by 
the  Greeks,  the  Romans,  and  our  ancient  Druids  ; 
who,  confidering  the  health  of  man,  and  the  ferti- 
lity of  the  foil,  to  be  abfolutcly  dependent  upon 
plenteous  ftrcams  of  "Wdilcx ^confecrated  their  groves 
to  prefervc  their  fprings. 

2.  The  next  great  fource  of  cold  is  evapora- 
tion.    The   fame   caufc    which    makes  the   eon* 
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denfation  of  vapour  a  foiircc  of  heat,  makes  cm«H 
poration  produ^ive  of  cold  ;  as  it  abforbs  the  BitH 
in  the  latter  inftance^  uhich  it  gives  out  in  thfll 
former  :  it  is  this  which  gives  the  particles  of  viJM 
pour  their  aerial  formr  When  fire  pafTcs  from  | 
Huids  which  it  has  heated,  it's  courfe  is  upwanlsij 
and  it  always  carries  with  it  a  thin  (Iracum  of  thfl 
fluid  in  the  form  of  vapour:  thus  evaporation  ncfl 
only  tempers  the  heat  occalioncd  by  the  fun*s  nyiS 
but  is  one  great  fourcc  of  cold.  ■ 

Of  Evaporation.  fl 

Of  evaporation  it  maybe  obferved,  i.  That  iifl 
our  climates  the  quantity  of  it  is  four  times  grcatc^ 
from  the  2 ill  of  March  to  the  21ft  ofSeptembcrfl 
than  it  is  from  the  21ft  of  September  to  the  itftoH 
March.  I 

2.  That  it  is  greater  in  proportion  as  the  dif-fl 
fcrcnce  in  temperature  between  the  airandcva^ 
porating  furiacc  is  greater ;  though  if  the  air  be  1  jfl 
degrees  colder  than  the  evaporating  furface,  there  iaj 
no  evaporation,  but  a  dcpolk  of  moiilure  from  tb^| 
air.  V 

3,  The  degree  of  cold  produced  by  eva-  1 
poration,  is  always  much  greater  when  the  air  is  I 
warmer  than  the  evaporating  furface,  than  that  j 
which  is  produced  when  thiii  furface  is  warmer  than  1 
the  air.  Hence  warm  uinds^  as  the  Scrocco  and  ' 
Harmatan,  are  more  deficcative  than  cold  winds.    , 

4»  Evaporation  is  it^orc  copious  when  iheaiM 
hi  Icfs  loaded  with  vapours,  and  is  confequcntlfn 
powerfully  proniored  by  cold  winds  flowing  inio 
warmer  countries. 

5.  1  hat  it  is  greatly  increafed  by  a  current 
air,  or  wind,  flowing  over  the  evaporating  furface 
not  only  becaufc  the  evaporating  furface  is  thereby 
increafed^  but  alfo  becaufc  the  vapour  is  ihcrcbr 

removcaJ 
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removed,  and  prevented  from  attaining  it's  maxi- 
mum :  hence  it  is  generally  remarked,  that  calm 
days  are  the  hotted. 

6.  Trafts  of  land  covered  with  trees  or  vege- 
tables, emit  more  vapour  than  the  fame  fpace 
covered  with  water:  on  thi.-:  principle  it  is,  that 
the  air  about  a  wood  or  forcft  is  made  colder  by  the 
evaporation  from  trees  and  (hrubs,  while  the  plants 
thcmfelves  are  kept  in  a  more  moderate  heat,  and 
ftcured  from  the  burning  heat  of  the  fun,  by  the 
vapour  pcrfpired  from  the  leaves.  Thus  we  find 
rhc  Ihade  of  vegetables  more  effcftual  to  cool  us,  as 
well  as  more  agreeable,  than  that  from  rocks  and 
buildings. 

7.  The  heat  and  cold  of  different  countries  are 
Cranfmitted  from  one  country  to  the  other,  by  the 
fnedium  of  winds. 

Of  Annual  Temperature. 

Within  ten  degrees  of  the  pole  there  is  very 
little  difference  in  the  annual  temperature,  nor  is 
there  much  within  ten  degrees  of  the  equator. 

The  temperature  of  different  years  differs  very 
little  near  the  equator,  but  they  differ  more  and 
more  as  their  latitudes  approach  the  pole. 

It  fcarce  ever  freezes,  unlefs  in  very  elevated 
iituations,  in  latitudes  under  35^;  and  it  fcarce 
ever  hails  in  latitudes  higher  than  60^. 

Between  the  ktitiidcs  0^*35*'  and  60*^  jn  places 
adjacent  to  the  fea,  k  gentTally  thaws  wlicn  the 
fun's  akitude  is  40^,  and  fckloin  begins  to  freeze 
itil  the  fim's  meridian  alcitiide  is  beiciw  40^* 
The  ^  [}  cold  in  all  hciEUiles  in  our 

about  halt  un   hour  before 
in  all  latitndvS  between 
jQUt  hair  pa  It  two  o*cl 
iiUt:udcs45'^  and  35 
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of  the  fca  renders  a  country  \varmcr  than  an  afttr* 
or  weftcrn  bearing, 

Jjlands  participate  more  of  temperature  iridr^  I 
from  the  fea,  and  arc  therefore  warmer  thanconcj- 
;iients.     Moft  large  iflands  have  their  grcj     ' 
tent  from  north  to  fouth.     With   us,  the  r 
parts  arc  proportionably  colder  than  the  northe 
A  ridge  of  mountains  generally  traverfcs  iflandsi 
the  direction  of  their  length. 

The  foil  of  large  tra<5ls  of  land  has  \V% 
in  influencing  the  temperature  of  the  weather:  Atl 
l^ones  or  fand  heat  and  cool  more  readily,  and  loj 
greater  degree,  than  the  earth  or  vegetable  moola 
hence  the  violent  heats  of  the  moft  fandy  dclaj 
Arabia  and  Africa,  and  the  burning  heat  andl 
ing  qualities  of  the  wind  that  pafFes  over  the 
hence  alfo  the  intenfc  cold  of  Terra  del  Fucgo,J 
other  ftony  countries,  in  cold  latitudes. 

Living  vcgeialflcs  have  a  confiderable  effcAiii 
alteringclimates,andaffeftingthe  weathen  M^ooJd 
countries  are  much  colder  than  thofc  that  arc  open 
and  cultivated:  thus  part  of  Guiana  has  oijly  bern 
cleared  from  wood  fmce  the  beginning  of  this  ccn 
rury,  and  the  heat  in  that  part  is  already  cxccfii>t 
whereas  in  the  wooded  parts  the  inhabitants  >rt 
obliged  to  light  a  fire  every  night. 

Every  habitable  latitude  enjoys  a  heat  of 
degrees  at  Icaft,  for  two  months  ;  which  heat  fc< 
nccctfary,  for  the  growth  and  maturity  of  con 
The  quickncfs  of  vegetation  in  the  higher  Un- 
tudes,  proceeds  from  the  duration  of  the  fun  over 
the  horizon.  Rain  is  little  wanted,  as  the  earth  »« 
fufticiently  moiltcned  by  the  liqujfadcion  ^i  i^^ 
fnowj  that  covers  it  during  the  winter.  1^ 
we  cannot  fufficicntly  admire  the  wife.diii'^ 
of  providence. 

It  is  owing  to  the  fame  pro 
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immer  is  more  apt  to  be  diftinguiflicd  by  violent 
lins,  and  ivhat  we  call  a  midfunimcr  Hood.     The 
rintcr  being  Icfs  rainy  than  the  funimer^  nothing 
irtictilar  happens  at  the   winter   foliticc,  except 
it  the  froil  lets  in  more  feverely,  with  fonie  con- 
luance  of  fnow,  which  lies  long  upon  the  ground. 
Tbc  temperature  of  a  cltnuue  depends  on  many 
ircuniftanccs^particularly  on  the  difpofition  ofihc 
ind  ;  as  jt*s  elevation^  it's  expofurc   to   the  winds, 
\d  the  courfc  of  the  mountains  that  are  found  in 
Thus  the  writer  of  Anfon's  voyage  informs  us^ 
lat   while  they    coailed   near  the  land  of  South 
imerica*   which  has  thofe  vaft  ridges  of  moun* 
lins,  the  Andes  and  Cordillieras,  the  air  was  ren- 
:rcd  temperate  by  the  wind  that  blew  over  them  ; 
It  when  they  had  paflcd  beyond  this  tradt  of  land, 
id  failed  by  the  ifthmtis  of   Darren,  where  the 
>untry  \%   flatter,  the   air   became  infupportably 
^lofe  and  fultry. 

All  countries  lying  to  the  windzvard  of  b/gb 
ouniahis^  or  extcnfive  forefts,  arc  warmer  than 
lofe  to  the  leeward  in  the  lame  latitude. 

The  vicinity  to  the  Jea  is  another  circumftancc 
which  aficifls  the  temperature  of  a  climate  ;  as  it 
rnodcrates  the  heats  from  the  land,  and  brings  the 
atmofphere  down  to  a  ftandard  beft  fitted  to  the 
human  conftitution.  This  is  probably  the  renfon 
why  tlierc  is  fo  great  a  proportion  of  fea  on  the 
terraqueous  globe,  and  particularly  why  it  is  fo 
largely  diltribijted  about  the  middle  region  of  the 
earth.  In  our  hemifphere,  countries  that  lie  fouth- 
ward  of  any  fea,  are  warmer  than  thofe  that  have 
ihat  fea  to  the  fouthofthcm;  becaufe  the  winds 
that  fliould  cool  them,  m  winter  arc  mitigated  by 
paiUng  over  the  fea  \  whereas  thofe  that  arc  north- 
ward of  the  lea,  are  cooled  in  funmier  by  the 
breezes  from  it.  A  northern  or  fouthern  bearing 
N  n  4  of 
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of  the  fca  renders  at  countf)^  warmer  than  an  eaftcm 
or  wcftcrn  bearing, 

Jjlands  participate  more  of  temperature  arifmg 
from  the  fea,  and  are  therefore  warmer  than  contu 
nents.  Moft  large  iflands  have  their  grcatcft  ct- 
tent  from  north  to  fouth.  With  us,  the  fouihcm  I 
parts  arc  proportionably  colder  than  the  northern. 
A  ridge  of, mountains  generally  traverfcs  iflands  ini 
the  diredlion  of  their  length. 

The  foil  of  large  tracts  of  land  has  it  .s  ibircj 
in  influencing  the  temperature  of  the  weather:  thusi 
ftones  or  fand  heat  and  cool  more  readily,  and  toaj 
greater  degree,  than  the  earth  or  vegetable  moulds 
hence  the  violent  heats  of  the  moft  landy  defarts  ofi 
Arabia  and  Africa,  and  the  burning  heat  and  bUft-| 
ing  qualities  of  the  wind  that  palFes  over  them;} 
hence  a!fo  the  intenfc  cold  of  Terra  del  Fuego,and1 
other  ftony  countries,  in  cold  latitudes. 

Living  vegetables  have  a  confiderablc  elfcft  in 
alteringclimates,andaft'c£tingthc  weather.  Wooded 
countries  are  much  colder  than  thofe  that  arc  open 
and  cultivated:  thus  part  of  Guiana  has  oqly  beca 
cleared  from  wood  fince  the  beginning  of  this  cen- 
tury, and  the  heat  in  that  part  is  already  exccffivc; 
whereas  in  the  wooded  parts  the  inhabitants  arc 
obliged  to  light  a  fire  every  night. 

Every  habitable  latitude  enjoys  a  heat  of  60 
degrees  at  Icaft,  for  two  months  •  which  heat  fcans 
ncccflary,  for  the  growth  and  maturity  of  corn. 
The  quicknefs  of  vegetation  in  the  higher  lari- 
tudes,  proceeds  from  the  duration  of  the  fun  over 
the  horizon.  Rain  is  little  wanted,  as  the  earth  i* 
fufficiently  moiflened  by  the  liquifadlion  of  the 
fnow,  that  covers  it  during  the  w  inter.  In  all  this, 
we  cannot  fufficiently  admire  the  wife  difpofitioti 
pf  Providence. 

I:  i:»  owing  to  the  fame  provident  hsind,  tlur 
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glohe  of  the  earth  is  interfetfled  with  feas  and 
lountains,  in  a  manner,  that  on  it's  firfl  appearance 
fecms  altogether  irregular  and  fortuitous;  prefent- 
ing  to  the  eye  of  ignorance,  the  view  of  an  inr- 
mcnfe  ruin  :  but  when  the  tffccT:s  of  thefe  fecming 
irregularities,  on  the  face  of  the  globe,  are  care- 
fully inlpCL^ed,  they  are  found  mnft  beneficial,  and 
I  even  nccelTary  to  the  %vclf;irc  of  it's  inhabitants  ; 
^br»  to  fay  nothing  of  the  advantages  of  trade  and 
flrommerce,  which  could   not   ex  ill  u'ithout  thefe 
fcas  ;  we  have  feen,  that  it  is  by  their  vicinity,  that 
the  cold  of  the  higher  latitudes  is  moderated,  and 
L^e  heat  of  the  lower.     It  is  by  the  want  of  fcas, 
PPh^t  the  interior  parts  of  Alia,  as  Siberia  and  Great 
Tartary,  as  well  as  thofe  of  Africa,  are  rendered 
almoft  uninhabitable;  a  circumtlance  which  fur- 
niihes  a   ftrong  prejudice  againfl:  the  opinion  of 
thofe,  who  think  thefe  countries  were  the  original 
habitations  of  man.     In  the  fame  manner,   moun- 
tains arc  neceffiiry,  not  only  as  the  rcfervoirs  of 
rivers,   but  as  a  defence  againfl  the   violence  of 
heat   in    the  warm  latitudes.     Without  the  Alps, 
Pyrenees,  Apenninc,  the  mountains  of  Dauphine* 
iind   Auvergne,  &c.     Italy,    Spain,     and    France, 
would  be  deprived  of  the  mild  temperature  they 
at   prefcnt   enjoy  :  without   the   Balgate   hills,  or 
Indian  Apennine,  India  would  have  been  a  defart : 
hence  Jamaica,  St,  Domingo,  Sumatra,  and  moft 
other    intertropical    iflands,     are    furnilhed    with 
mountains,  from  which  the  breezes  proceed   that 
jrefreih  them. 

Or  Atmospherical  Electricity. 

So  little  is  known  with  any  certainty,  con- 
cerning ahmfpbcrical  €leNrhity\  that  I  fliall  de- 
tain )ou  but  a  fliort  time  with  what  I  have  to  fay 
ihcrcon*     If  every  folution  of  cgntinuity,  every 
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grces,  fomctimcs  fooncr^  and  fonrtetimes  kttr;  k 
generally  before  noon  it  acrnined  a  cercain  mm- 
mum,  from  whence  it  again  declined,  till  ihtM 
of  the  dew,  uhen  it  would  be  fomctime^  ftrongo' 
than  it  had  been  during  the  whole  day;  after  whict, 
it  would  again  gradually  diminifli  durinj^  rhcwbk 
night ;  but  is  never  quite  dellroycd^  if  the  weatfier 
is  peri  eel  ly  ferene. 

Atmo/pberical  eleflricity  fcems,  therefore^  lib 
the  fea,  to  be  fubjeft  to  fiux  and  refiux^  whirt 
caufes  it  to  incrcafc  and  climinjfh  twice  ifl  V, 
hours.  The  moments  of  it's  greaieji  force  are  Icm 
hours  afier  the  Hjmg  and  feiiing  of  ibe/nn  ;  tfmfc 
when  \t  is  zoeakrji^  precede  ibe  rijlng  and  fittiii 
iberroK 

The  elc<flricity  of  fercnc  weather  is  niiicli 
weaker  in  fummer  than  in  winter,  which  rendcn 
it  more  difficult  to  obferve  thcfe  gmdations  in  fum- 
mer than  in  winter;  bcfidcs  a  variety  of  accsdenril 
caufes,  which  at  the  fame  time  render  them  mon 
uncertain*  in  general*  in  fummer,  if  the  grounii 
has  been  dry  for  fomc  days,  and  the  air  is  dry  alfo, 
the  eleftricijy  generally  increafes,  from  the  rifing 
of  the  fun  till  3  or  4  in  the  afternoon,  when  itii 
ftrongeft  ;  it  thrn  diniinidies  till  the  dew  begins  10 
iall,  which  again  reanimate:^  it ;  though  after  thii 
it  declines,  and  is  ahnoft  exnnguilbcd  during  the 
night. 

Bur  the  fcrene  days  that  fucceed  rainy  weather 
in  fummer,  gentraiiv  exhibit  the  fame  diurnal  pe- 
riods or  ftates  of  elcdtncity,  as  arc  to  be  obicrvtd 
in  winter- 


Om  pROGNosTrc  Signs  or  the  Wkatij 

There  is  no  part  of  meteorology  v 
mankind  fo  much,  as  the  predictions 
pt  the  change  pf  weachcr.     The  thcdi 
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engages  the  attention,  by  animating  us  with  th€ 
hopes  of  thereby  bringing  the  kno\\  ledge  of  thefe 
predi(5tions  to  perfection. 

And  the  far  greater  part  of  ihofe  who  pur- 
chafe  meteorological  inikunients,  buy  thcm»  not 
fo  much  to  know  the  actual  ftarc  of  the  elements^ 
as  to  forefee  the  changes  thereof.  This  fcience  is, 
however,  very  imperfect ;  for  it  is  but  of  late  years 
that  we  began  to  makcobfcrvations  on  the  changes 
of  the  w  eathcr  ;  and  that  it*s  progrefs  has  been  ra- 

Eid  and  fucccfsful,  may  be  feen  in  the  works  of 
>c  Luc,  De  SauiTurc,  Jones,  Marfliall,and  Kirwan, 
But  thefe  obfcrvations  will  be  ftill  more  valuable  to 
pofteriry ;  for  wc  can  fcarcc  cxped  them  in  fuffi- 
cient  number  in  our  own  agCj  to  deduce  from  them 

reneral  and  pcrfed  theory. 
To  attain  this  end,  it  will  be  neceflary  to 
multiply  obfcrvations  on  as  great  a  number  of  figns 
as  polTiblc  ;  for  it  is  only  by  their  combination  and 
concurrence  that  we  can  expe<5l  tq  remove  the  un- 
certainty infeparable  from  each  in  itfelf.  Thus 
the  barometer  is  not  always  a  certain  iign  j  the 
fame  may  be  faid  of  the  thermometer,  the  hygro- 
meter, and  the  adion  of  winds.  But  if  they  all 
concur  together,  there  i:i  bur  little  chance  of  being 
deceived  ;  and  there  wouid  be  IHU  lefs,  if  to  thefe 
were  joined  other  figns,  which  are  cafy  to  obfcrve, 
and  which  by  their  combination  would  render  our 
predidion  certain* 

No  fign,  nor  any  inOrumcnt  of  obfcrvation, 
fliould  therefore  be  negkCtcd,  cither  from  a  love  of 
ideal  perlcttion,  or  tears  gf  inaccuracy*  Thus^ 
though  the  hygrometer  be  at  prcfcnt  a  very  impcr- 
fed  innrumcDtj  yet  one  certain  fign  has  already 
been  obtained  from  it's  indications,  and  more  may 
be  reafonably  expeded.  Even  the  words  very 
dry^  very  motjJ,    moderately   dry,   moderalely   motjl, 

though 


55^      Lectures  oh  Natorai.  FyiLos0fHr. 

though  of  vague  determination,  may  throw  mud 
light  on  the  ftate  of  the  armofphere. 

It  is  nccelTiry  that  the  obfcrver  fhould  enter 
into  a  precife  detail  of  the  various  dates  of  the  flty, 
and  the  clouds.    What  can  we  learn  from  the  words 
eovertii,  and  cloudy^  or  hiilf  cot^ered  Jky^  &:c.  ?  No- 
things  fince  it  is  well  known,  that  a  covered  fkr, 
in  one  cafCi  is  ahnoft  as  certain  an   indication  of 
fine  weather,  as  in   another,    it  is    an  indubitable 
prefagc  of  rain.     The  accurate    obferver   piques 
himfclf  on  a  thermomcrcr,  with  which  he  can  ob- 
ferve  within  a  degree,  and  a  barometer  that  he  can 
depend  upon  to  Icfs  than  the  loodth   of  an  inch; 
but  is  lllcnt  on  the  tranfparcncy  of  the  air,  on  dews, 
on  the  elevation,  the  form,  thefign,  chedifpolltion,  • 
the  colour,  and  the  dcnfity  of  the  clouds  ;  things  \ 
that  may  be  obferved  with  cafe,  and  defcribed  u  iih- 
out  trouble  ;  being  attended  with  no  other  incou-  ■ 
Tcnicnce  than  that  of  extending   the   fize  of  oaf  ] 
meteorological  tables. 

There  is  a  phenomenon,  which  has  not  been  fiiffi-  i 
ciently  attended  to,  namely,  the  undulating  motion 
of  the  firmament,  or  that  diurnal  tumult  in  the  air, 
which  is  kept  up  by  the  heat  of  the  fun.  What 
the  fun  raifes  from  the  earth  by  the  heat  of  the  day, 
is  fuftaincd  in  the  atmofphere  by  it's  heat,  and  the 
agitation,  or  expanfivc  undulation  of  the  air.  This 
motion  is  often  viliblc  to  the  naked  eye,  but  in  the 
fi,eld  of  a  powerful  telefcopeit  is  very  confpicuous; 
all  obje6ls  appear  in  violent  agitation,  and  the  line 
of  the  fenfible  horizon,  which  ought  to  be  clear 
and  well  defined,  is  waved  like  a  field  of  com  in 
rhc  wind,  or  the  furfacc^of  the  fea  in  a  ftorm.  So 
long  as  this  agitation  continues,  the  vapours  ftay 
in  the  air;  but  when  it  fubfidcs,  and  the  fun  de- 
parts, they  are  condcnfed,  and  fall  down  to  the  earth 
in  the  night  as  dew. 

In 
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In  the  prcfcnt  ftate  of  this  part  of  fcicncc^ 
when  we  are  unacquainted  with  fo  many  pheno- 
mena^ and  ftiil  more  ignorant  of  their  caufes, 
general  rules  will  often  be  found  to  fail^  and  parti- 
cirfar  ones  will,  without  much  circumfpeftion^ 
prove  to  be  a  fource  of  error.  Amongft  the  variet/ 
of  means  for  prediifting  the  changes  of  the  wea- 
ther, the  barometer  is  undoubtedly  one  of  the  bcft; 
and  is  in  this,  as  well  as  many  other  rcfpeds,  one  of 
chc  greateft  acquifitions  to  natural  philofophy* 

The  ufual  ranges  of  the  mercurial  column,  in 
this  latitude,  are  comprized  between  28  and  31 
inches;  of  which  the  mi(jdle,  or  29^,  is  conlidered 
as  the  variable:  I  think  it  fhould  be  placed  fome- 
what  higher.  Near  the  pole,  the  variations  of  the 
barometer  arc  much  greater. 

Of  Prognostics  by  the  Barometeiu 

Ever  (i  nee  the  barometer  has  been  invented, 
philofophers  have  endeavoured  to  account  for  the 
variations  in  the  height  of  a  local  barometer,  but 
hitherto  in  vain.  Mr.  de  Luc,  in  the  firft  volume 
of  his  **  Rccherches  fur  les  Modifications  de  I'Ar- 
niofphcre/'  has  given  a  critical  and  very  interefting 
account  of  the  various  phyfical  opinions  that  have 
been  invented  for  this  purpofe  by  Pafcal,  Beale^ 
Wallis,  Garden,  Halley,  &c.  &c.  and  fhewn  that 
they  are  all  imperfcii,  and  inadequate  to  the  fo- 
lution  of  the  phenomena.  He  then  propofcs  one 
of  his  own;  which,  with  that  candour  that  ever 
diftinguifhes  a  lover  of  truth,  he  has  fince  aban- 
doned. To  give  a  particular  account  of  the  various 
hypothefes,  would  occupy  a  volume,  and  that  to 
little  purpofe.  As  I  know  of  none  that  can  be 
depcnd^-d  on,  I  Ifiall  content  mvfclf  with  only  re- 
lating the  bare  phc^Dtncna.  The  two  great  foui 
of  error  on  this  {'ubjcCt  have  been,    ift,  the  d 
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cuhy  of  obfcrving  the  whole  of  the  appcanncoi 
[  and  idly,  the  facility  with  which  the  mind  c©- 
[  braces  and  fupports  a  favourite  hypothefis. 

There  is  one  ftrikirig  phenomenon  in  the  11- 
riations  of  the  barometer,   which  fliould  be  p?' 
cularly  attended  to  in  every  theory*  becaufc  it  i 
great  as  it  is  certain  and  invariable  1  namely^ 
rthc  variations  diminifli   in  proportion  23  you  ^p. 
proach    the   equator,    and   augment     as    you  ad- 
(  Vance  towardj  the  poles.     The  countries,  howctcr, 
that  are  fituated  about  the  equator,  are  (ubjc<S!o 
changes  of  the  weather,  though  it  is  more  conflaai 
[there  than  in   the   temperate  climates:  there  2ie 
changes  there  of  humidity  and  drynefs,  rains  and 
fair  weather,  ftornii^  and  tcmpeil5>,  &cc,  much 
violent  than  with  us  ;  and  yet  all  thefc  takcpla 
without  any  way  affe<5ling  the  barometer. 

Mr*Dalton's  general  Rules  and  Observatioj 
l  for  judging  of  the  weather, 

1.  The  barometer  is  highcfl:  of  all  during  21 
long  froft,  and  generally  rifes  with  a  N,  E,  wifftd} 
it  is  lowed  of  all  during  a  thaw  following  a  long 
froft,  and  is  often  brought  doun  by  a  S.  W.  wind. 

2.  When  neurcfl   the  high  extreme  for  r^: 
feafon  of  the  year,  there  is  very  little  probahi; 
of  immediate  rain. 

3,  When  barometer   is   low   for    lac    icjj 
there  is  feldom  a  great  weight  of  rain,  thnn^h  arl 
day  in  fuch  a  cafe  is  rare.     1  he  general  t 
%^eather  at  fuch  times  is,  fhort,  heav 
fliowers,  with  fqualls  of  wind  from  i 
orN-W. 

4,  In  fummer,  after  a  long  continue 
weather,    with  the  barometer  high,  it 
gradually,  and  for  one,   two,  or  more  da- 
there  is  much  appearance  of  rain.     If  ti 
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nuance;  and  if  the  rife  he  gradual^*  wc  mf, 
judge  that  the  fine  weather  will  b^  laftii^  If 
it  fluctuates  much,  rifing  and  falling  fu4den)j,  die 
weather  is  unfettled  and  changeable :  if  it  falbwf 
low,  there  will  be  much  rain ;  but  if  it's  blhm 
low  and  fudden,  a  high  wind  generally 
when  exceeding  low,  dorms  and  tempe(hioiui  WK 
ther  may  be  expedled ;  but  if  ah  extraordinary  fil 
happens,  without  any  remarkable  change  acartf 
hand,'  it  is  probable  that  there  is  a  ftorm  at  a  dill 
tance. 

The  defcent  of  the  barometer  is  not,  however, 
always  an  indication  of  rain,  for  it  will  often  fait  iiv 
wind ;  nor  is  it's  rife  a  certain  iign  of  fair  weadx^ 
particularly  if  the  wind  be  northerly  or  eafterly.  H 
the  fine  weather  be  lafting,  with  a  wefterly  wiai 
the  mercury  generally  refts  a  little  above  chat^ 
able,  but  fomewhat  below  thirty  inches. 

In  the  fummcr  months  the  barometer  docs  not 
vary  fo  much  as  in  winter;  the  grcatcft  variatioM 
are  in  the  firft  two,  and  the  laft  two  months  of  the 
year,  but  particularly  in  the.  firft  and  laft.  A  nonh- 
eaft  wind  generally  makes  the  barometer  in  this 
counrry  rife,  and  it  i$  generally  loweft  w^th  a  fouth- 
M'cftcrly  wind. 

If  the  mercury  continues  to  fall  while  it  rains, 
it  will  be  likely  to  rain  the  next  day:  when  At 
mercury  is  pretty  high,  and  has  fallen  to  foreid 
rain,  and  yet  rifes  before  the  rain  falls,  it  is  an 
indication  that  there  will  be  but  little.  In  fair 
weather,  when  the  mercury  has  continued  high  and 
rifing,  if  it  falls  about  noon,  and  rifes  again  towards 
the  evening,  a  fmgle  Ihovver  may  be  ex 
the  evening  or  noon  of  V'\t  next  day,  ancT  tl 
weather.  When  the  mercury  rifes  gradi 
half  a  tenth,  and  continues  to  do  fo  fj 
the  fair-weather  may  be  expedled  r 
fomc  time,  unlefs  wind  intervenes,  p 
thcS.W.  by  S. 
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From  the  Thermometer. 

Jnwifffer,  if  the  cold  diminifhcs  fuddenly,  it 
general  portends  rain  ;  in  fummcr,  a  fuddcn 
agmentation  of  heat  is  alfo  a  forerunner  of 
lin. 

From  the  Barometer  and  Thermometer. 

If  the  air  in  foggy  weather  becomes  hotter  by 
adlion  of  the  fun  alone,  the  fog  generallv  dilTi- 
ites,  and  the  air  remains  fcrene:  but  if  the  baro- 
jeter  falls,  and  the  change  of  temperature  be  from 
(buth  or  foul h- weft  wind,  the  tog  nfes  and  forms 
fclf  into  clouds,  and  it's  afccnfion  is  generally  a  fign 
"rain. 

^ROM    THE    Barometer,    Hygrometer,    Wind^ 
AND  State  of  the  Skv. 

The  barometer  being  high  and   ftationary,  the 

atural  and  fadtitious  hygrometers  indicating  dry  air, 

[le  canopy  of  the  Iky  lofty,  and  rhc  wind  north-caft- 

brly,  arc   the  fureft  figns  oi  fettled  fair ;  while  a 

"ght  and   moift  aimofphcrc,   the  canopy  of  ihe  Iky 

3w,  and  a  fouth-well  wind,  certainly  portend  a  w ec 

feafon. 


From  Cloltds, 


t     When  the  clouds  are  formed  like  fleeces  deep 
d  denfe  towards  the  middle,    and  very  white  at 
the  edges,  with  a  bright  blue  Iky   about  them,  they 
generally  foon  fall  in  hail,  fnow,  or  m  hally  Ihowers 
"f  rain.     In  the  north  of  England,  fuch  clouds  arc 
Btlled  Moolpacks. 

There  is  no  ilgn  of  rain  more  certain  than  two 
iiffercnt  currents  of  clouds,  elpccially  if  the  under- 

O   2  mu{\ 
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mod  flies  faft  before  the  wind;  when  this  happa 
in  fummer,  there  is  feldom  wind  at  the  time,  ai 
thunder  generally  foIloiA's.  In  winter  the  light 
pour,  or  feud,  as  the  (ailors  call  it,  often  coon 
rapidly  againlt  the  wind,  and  a  gale  is  foon  lAff 
expedled. 

The  tranfparency  of  the  airM  to  the  inbabitaft 
of  the  Alps  one  of  the  nioft  certain  figns  of  nu; 
when  the  diftant  objedls  appear  diftinifl  and  ivd 
defined,  when  the  Jky  is  of  a  deep  blue,  they  confidff 
rain  as  near  at  hand,  chough  no  other  figns  appear. 
I  have  been  informed  by  a  gentlenaan  to  whom  1  aa 
under  obligations  for  other  obfervations,  that  dm 
fign,  from  the  tranfparency  of  the  air,  is  by  no  rocaai 
local,  but  is  often  obferved  in  England,  that  infud 
a  ftate  of  the  air,  the  failors  fay  the  landj  or  odxr 
objeA,  looms  near,  and  expedt  bad  weather. 

When  the  (ky,  in  a  rainy  feafbn,  is  tinged  ^itk 
a  fea-grcen  colour^  particularly  near  the  horizon, 
t\henit  ought  to  be  blue,  the  rain  will  continue  and 
increafe.  If  it  be  of  a  deep  dead  blue,  it  will  be 
lho\^ery  :  this  is  more  particularly  found  to  hold  true 
near  the  fea  coaft. 

Clouds  of  a  fimilar  appearance  produce  thunder 
in  fummer,  and  fnow  in  winter;  fuch  clouds  are 
broken,  and  irregularly  fliaped,  heaped  one  on  ano- 
ther, and  from  their  uncommon  denlity  project 
towards  the  earth.  After  a  thunder  ftorm,  if  it  has 
l>ecn  of  confidcrable  duration,  the  wind  generally 
(if  not  a!  ways)  veers  to  the  quarter  from  whence  the 
tirft  clap  proceeded. 

A  clofc  fultry  day,  when  the  current  of  air  ii 
P:arcely  pcr^  cptible,  is  often  fucccedcd  by  a  change 
in  the  wind. 

The  wind  Ihifting  from   point  to  point 
the  compafs,  generally  denotes  rain.     If,  after  a  OM 
tiiiucd  rain  from  a  muddy  fky,  the  horizon  appeal 
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^^  lighter  in   any  quarter,   expcd  the  wind  from  that  ^B 

^kuarcer.                                                                      ^^M 

^P         I  found  the  following  table  of  theftatc  of  the        fl 

t     i;ixathcr  aniong  my   father  s    papers  :  it  appears  to       fl 

^^^ne  worthy  of  attention.                                                ^^H 

^EThe  General  State  OF  THE  Weather  WHEN  the        V 

^B     Mercury  in    the    Barometer   remains   sta-        ■ 

^B     tjonary  on  any  of  the  undermentioned  De-        ■ 

^1       GREES,    12   of  which  are  EOyAL  TO  AN  ENGLISH           1 

^H    Inch.                                                                          ^^| 

^KThe  outer  numbers  are  the  correfponding  inches        ■ 

^M                                and  parts.                                  ^^1 

^Bnch.  parts.                                                               ^^| 

■     3^ 

1 6.  Settled,  fine  clear  fky.                          ^H 

■ 

[5,  Summer,    very  warm;  winter,  hard  ^^B 

froth                                                       J 

H 

14.  Great  drought.                                     ^^H 

■           *75 

[  3 .  PI  eafan t  fcrene  weat her.                       ^^M 

K 

12.  Se tiled.                                                  ^H 

m     .58 

ri.  Summer,  clofe  and  rainy;    winter^       ■ 

fnow,  and  foggy.                                  ^^^ 

■ 

ro.  Gear.                                                   ^^M 

■ 

9.  Rain  or  wind ;  winter,  fnow  car  roift.     ^^B 

■ 

8.  Fine  weather.                                     ^^^^ 

■ 

7.  Rain  or  wind.                                  ^^^^M 

■ 

6.  Good  but                                           ^^H 

■ 

5.  Generally                    •^^^^-             ^^| 

meter       ill           ^^^^^B^            ^^1 

thickyjup            ^^^^H^            ^H 

wiy^H«r         ^^^^^K          ^^1 

■  3'' 

4-  ^^^i^H                ^^^^H           ^^1 

B 

3-  Sc^H                 '^^^^^M            ^^1 

0(  l^^ft                          '^^^^^^H                   ^^^1 

therV                        ^^^B            ^^H 

I 

2.  Mo'J                          ^^^           ^H 
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28.33 


16. 


.  Rnin,   thunder^   wind  ;    in    winler, 
with   a  northerly    wind,  raw,  coU, 
fnow,  or  milh 
Virablc. 

,  MoJrratc^  if  thewind  be  foucherly, 

rain, 

R^iin,  wind,  thunder,  hail,  fnow,  &c 

Calm,     but     generally    with   hcav; 

cluuds. 

Rain,  wind,  thunder,  hail,  fnow. 

Tolerably  calm, 

Hiavy  rain,  or  wind,  thunder,  hail, 

fnow,  &CC, 

Serene,  though  fom crimes   foga  oc 

null. 

Stormy  I  in  winter,  mift, 

Cahn;  in  winter,  thick  fog. 

Heavy  ftorms. 

Calm. 

Stormy,  ^ 

Calm,  but  heavy  clouds. 

Half  a  hurricane. 

Calm,  with  a  great  drift  of  fcuddlng 

clouds. 

Violent  hurricane. 


Thus  the  barometer  ftood,  the  12th  December, 

1747-  . 

Thcfc  obrervations  were  made  when  the  baro- 
meter was  placed  25  feet  above  the  level  of  the  fea 
or  river  waters. 

When'  the  mercury  reds  at  1  a  degree,  cr- 
pcdl  variable,  or  a  mixture  of  that  w^eather  CX- 
preifed  by  the  degree  above  and  below  it. 


(w 
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or  the  scjfbriority    of    the    northern  hs-* 

•     -MISPHBRE  OVER    THE    SOUTHERN,    FROM  THE  ReV. 

-  *Mr.  Jones's  Physiological  Disq^isitioi^s. 

The  fupcriority  of  the  northern  hemifphcre  of 
the  world,  above  the  fouthern;  is  very  manifcft.  It 
has  more  land,  more  fun,  more  heat,  more  light, 
fllbre  arts,  more  fenfc,  more  learning,*  more  truth, 
inore  religion.  The  land  of  the  foutherti  hemi- 
Q>here,  that  is,  the  land  which  lies  on  the  other  fide 
of  the  equinodtial  line,  does  not  amount  to  one 
fourth  part  of  what  is  found  on  the  north  fide. 

The  fun,  by  reafon  of  the  excentricity  of  the 
earth's  orbit,  and  the  fituation  of  the  aphelion^ 
makes  our  fummer  eight  days  longer  than  the  fum« 
mer  of  the  other  hemifphcre;  which,  in  the  fpace 
#f  four  thoufand  years,  (for  fo  long  it  is  fince  any 
cniverfal  change  has  taken  place  in  the  earth)  amounts 
to  upwards  of  eighty  feven  years^  and  fo  much  more 
fiin  has  this  hemifphcre  enjoyed  than  the  other.  What 
effeds  may  have  been  arifing  gradually  in  all  that 
time,  we  cannot  afcertain  ;  but  fuch  a  caufe  can* 
not  have  been  without  it's  eifedl :  and  I  think  it  is 
allowed,  that  the  temperature  of  the  earth  and  atmo- 
fphcre,  in  the  higheft  latitudes  of  the  north,  is  much 
more  mild  arKl  moderate  than  in  the  correfpondcnc 
latitudes  of  the  fouth.  ^  The  dreary  face  of  Staten- 
land,  with  the  weather-beaten  Cape  of  South-Ame- 
rica, a  climate  fo  fevere  as  fcarccly  to  admit  of  any 
human  inhabitants,  is  no  nearer  to  the  pole  than  the 
northern  counties  of  England :  but  the  difference  in 
the  atmofpherc,  and  in  the  afpecl  of  the  eaith^  is 
almoft  incredible;  and  this  is  the  more  remarkable^  . 
bccaufc  there  is  no  mountainous  country  betwixt 
that  and  the  pole  to  account  for  the  icy  blafts 
prevail  there. 
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But  it  is  alfo  further  obfervable^  that  the  n 
thern  hemifphere  is  better  provided  for  hj  m\^n 
>rell  si8  by  day.  The  ftars  of  fupcrior  tragnitndq 
are  much  more  numerous  on  this  fide  the  cquioQC- 
tial  than  on  the  other :  ivc  have  nine  flars  of  tk 
firft  magnitude,  and  they  but  four ;  and  the  flarsof 
the  Great  Bear,  fo  copfpicupus  in  this  hendifpho^ 
fiave  nothing  to  equal  them  about  the  other  pok. 
When  the  fuq  is  remote  from  us  in  the  winter,  ok 
longejl  nights  are  illuminated  by  the  principal  ftui 
of  the  firmament ;  when  the  fun  enters  Capricon, 
there  comes  to  the  meridian,  about  midniKhr,  the 
whole  conftellation  of  Orion,  the  brighten  in  the 
heavens,  containing  two  ftars  of  the  firft  msgai- 
tude,  four  of  the  fecond,  and  many  others  of  infe? 
rior  iizes ;  and  upon  the  meridian,  or  near  it,  thm 
are  four  more  ftars  of  the  firft  magnitude,  Capelb, 
Sinus,  Procyon^  and  Aldebaran.  No  other  pprtion 
of  the  heavens  affords  half  fo  much  illumination; 
and  it  is  exadly  accommodated  to  our  midnighr» 
M'hen  the  nights  are  longeft  and  darkeft.  If  the 
mid-winter  of  the  fouthcrn  hemifphere  be  com- 
pared, the  inferiority  of  the  npdlurnal  illumination 
16  wonderful. 

Though  it  will  carry  us  a  little  beypnd  the 
bounds  of  phyfics,  the  parallel  is  fb  glaring  be- 
tween the  natural  and  intcllcAual  fpperiority  of 
this  part  of  the  world,  that  your  time  will  not  be 
loft  while  we  refied  upon  it.  Here  the  arts  of 
war  and  pf  peace  have  always  flourifhed  ;  as  if  this 
part  of  the  globe  had  been  allotted  to  a  fupcrior 
race  of  beings.  Afia  and  Europe,  from  the  rc- 
motcft  tinnes,  have  been  the  feats  of  fcience,  litc- 
jarure,  eloquence,  and  military  power;  compared 
M  ith  which,  the  fouthern  regions  have  ever  been, 
as  we  now  find  them,  beggarly  and  barbarous ;  pof- 
fcfltd  by  people  ftupid  and  infenlible,  illiterate, 
and  incapable  of  learning.     Where  are  the  poets, 

the 


Of  Meteorology. 


569 


'         < 

I 


he  hiflorians,  the  orators,  the  philofophcrs,  of  the 
but  hern  uorld  ?  We  may  as  well  fearch  for  the 
'ciences  amongft  the  beafts  of  the  wildernefs, 

AH  the  inventions,  by  which  mankind  have 

one  honour  to  themfelves  in  every  age,  have  been 

onfined  to  this  iide  of  the  world.     Here  the  ma- 

ithematical   fciences  have  flouriPaed;  printing  has 

*^  ccn  found  out;  gun-powder  and  fire-arms  invent- 

d ;  navigation  perfct'ted  ;  magnetifm  and  eledri- 

ity  cultivated  to  the  aftonilhmcnt  of  the  wjfeft; 

id  philofophy  extended  by  experimental  inquiries 

pf  every  kind.    There  would  be  no  end,  if  we  were 

to  trace  this  comparifon  through  every  improve- 

inent ;  for  here  we  have  every  thing  that  can  adorn 

|human  IifL%  and  there  they  have  nothing. 

But  the  difference  is  niofl:  confpicuous,  when 
,1?vc  compare  the  north  and  Ibuth  in  point  of  rWr- 
ion  ;  to  which,  indeed,  that  pre-eminence  is  owing 
m  Qurjide,  which  has  extended  to  every  branch  of 
ibcial  civilization  and  intellcftual  improvement. 
it  is  notorious  at  this  day,  that  arts  and  learning 
flourifli  to  the  highefl:  degree,  in  thofe  countries 
only  that  are  enlightened  by  chriflianity,  and  no 
where  fo  much  as  in  this  kingdom,  where  that  re- 
ligion is  cflabli filed  in  it's  purcfl  form.  May  xt  long 
continue  !  and  may  we  know  our  ow-n  felicity  in 
the  enjoyment  of  it  !  for  religion  is  undoubtedly 
the  fun  that  gives  light  to  the  mind  ;  the  vital  fpi- 
rit  that  animates  the  human  underhand ing  to  it's 
higheft  atchievements ;  though  many  have  been  in- 
debted to  it,  without  being  fcniibleof  their  obli- 
gation, or  without  confcfling  it;  and  others  have 
turned  againll  it  that  light  which  they  borrowed 
from  itfelf. 

The  northern  hcmifphcre  then,  \yhatcvcr  pre- 
ference ir  may  have  in  a  phyfical  r 
piuch  more  honoured  by 
flf  learning  and  relig* 


570      Lectures  on  Natoral  pHttosopar, 


began  to  be  diffufed,  and  the  world  irfelf  was  firfl 
inhabited,  in  the  fincfl  climates  of  the  earth,  which 
arc  about  the  latitudes  36^  &:c.  north  :  here  the 
church  was  firft  fettled ;  and  the  Hebrew  nation, 
rifin^  by  degrees  till  the  reign  of  Solomon,  formed 
a  wife,  wealthy,  and  fplcndid  kingdom,  long  before 
the  powers  of  Greece  and  Rome  were  heard  of; 
here  the  light  of  chriftianity  Mas  afterwards  ma-J 
nifefted,  and  with  it  the  lights  of  learning  havej 
been  extended  to  parts  where  ihcy  were  ncvc 
known  before,  till  both  of  ihcm  reached  to  thd 
utmoft  boundaries  of  the  weft,  in  the  once  un-| 
known  regions  of  the  Atlantic  world. 

Conclusion. 

I  have  now^  finilbcd  my  courfc  of  Lectures,  ani 
have  given  you  a  general  view  of  the  prrncipal  phe- 
nomena in  nature ;  nor  have  I  been  inattentive  to  the  j 
difcoverics  made   therein   by  mam     1  have  endea- j 
vourcd  to  point  out  the  abufe  that  may  be  midej 
of  phyfical  inquiries^   and  to  guard  you  againll  tbej 
errors  by  which  they  may  be  pervertcd^and  remincd 
SL  prop  to  fupport  the  weak  fabric  of  inhdchty  and 
falfchood.    From  thcfc  Ledurcs  it  evidently  appears,  | 
**  ift.  That   MAN  is  compofcd  of  two  slsstances,  < 
of  which  one  pcrccrues' v^iihoui   being  perceived  by) 
the fcTifc's  ;  and  the  other  h perceived  without  having 
any  percepiion  in  itfelf,     2d!y,  That   man,    in  h», 
prefcnt  ftate,  c  an  perceive  nothing  more  of  the  unn  j 
vfiRSE  than  what  is  tranfmittcd  to  him  by  his  orgam^\ 
whole  faculties  are  very  limited.     3dly,  That  there  ' 
^re  evidently  cficds  pereepiiblc  hy  man,   which  are 
pccafioncd  by  BEiNCis  that  he  cznnoi perceive.     4thly, 
That  MAN,dcprivcdonly  of  one  fenfe,y/gft/,  would  have  . 
been  ignorant  of  the  greater  part  of  what  he  knoVs 
of  the   UNivFRsr,  namely,  ot  entire    clallcs  of  br* 
;mcs,  and  of  the  relations  of  thei'c  beings   to  each 
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•.  ©ther^  and   to  thofe  with  which   he   is  acquainted* 

rjthly,  ami  lafllv,  By  every  rule  b{  anaIogy\  and  trom 

many  phcnnmcrta,   it   i;^  highly   pmbabfc,  that  there 

•  cxifl  many  cialL^s  of  be^ings^  relktcd  to  each  ather» 
and  to  M.\N,   which  he  cannot  in  his  prefcnt  Itatc 

^perceive,*** 

:  The  fpi ritual  powers  of  man  are  roofi-d  into 

i  aiflion  by  the  medium  of  the  frnfcs-     Hts  under  (hi  nd- 

ing   explains   iifdf  by    the    pt  rccptions   the    it:nfe$ 

tranfmit  J   fo  that,  nntwitiirtanditig  the  cxceiit   ol  his 

.  powers^  he  can  make  no  progrcfs  in  matters  higher 

I  than  knfe,  unlcfs   he  take  iheereaison  for  his   klfon, 

!  an. I    the  cmni/J  nt  Creator  tor  hii?  preceptor.     It  is 

.  therefore  weak  and  perverfe  in  hmi^  without  the  very 

elements  of  knowledge  in  his  head,    to  deftrt  luch 

J  a  wtfe  and  kind  intlrudor,  and  then   fet  up  for  an 

\  independent  difioverer*     Put   the  philofophcr   ro  the 

trial,  who  pretends  lo  know  fo  much  of  a   Deity 

without  allowing  him  to  difcover  himfelf  and  ex- 

I   plain  hi^  own  works,  and  you  will  foun  fee  the  wife 

man  confounded  by  his  own  wifdom.    If  this  wan  red 

;   proof^  I  need  only  mention  the  writings  of  Helve* 

j  tiuSj  Voltaire,  Diderot,  De  la  Me  trie,  and  the  whole 

,  fchool  of  Condof cct* 

In  contradidtion   to  thefe  men,  I  have  endea- 
voured to  iliew    that  philolaphy  is   iUullraied,   and 
juft   views  of  nature  are   exhibited    by   the  facn 
writings.     What  indeed  can  we  think  of  thofe  wl 
would  have  us   believe  they  credit   the   fcripturt 
while  they  take  upon  them  to  cor  red  it*s   ftile  as  nu^ 
philofophically  julH    who   would    have  us    beheve, 
that  He  who  holds  all  nature  m  his   hand,   docs  not 
know  how    to  accommodate   his  dodrines    to   the 
capacities  of    the   vulgar,    without    fpeaking   with 
philofophical  impropriety  of  his  own  works?     Will" 

they 
:f  Dc  Luc,  Lcltres  Phyfiqucs  et  Morales,  torn.  v.  p.  1 1,  p.  68< 
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thcy^  indtcdi  teach  Him  to  fprak,  who  gave  a  niOij:li 
to  marij  wh&fc  word  was  fufficicnt  to  cauk  the 
mighty  fiin  to  (hine,  and  daily  difFufr  his  treafurfsof 
light  around  ihe  heavens,  irradmtmg  the  iKifimg 
bcmifphcrcs  of  the  revolving  earth,  and  at  uhotc 
conitnand  it  is  furrounded  by  the  liquid  air?  Shill 
the  V  ritings  of  men  have  excellencies  in  our  eyc\ 
and  his  have  no  beautVp  who  hath  meted  ounk 
heavens,  who  knoweth  the  ballancing  of  thecloudi, 
and  by  whofe  knowledge  the  deeps  are  broken  up: 

Both  HIS  word  and  his  works   prove*   that  hi 
has  employed  anddifplayed  infinite  wifdom,  poncr, 
and  goadncifs,  in  the  creation  of  this  univcrfe  ;  ihii 
HE  has  with  ftupendous  artifice  ftored  our  globe  with 
every  thing  nectflary,  not  only  for   the  fu[ sport,  but 
for  the  felicity  of  man  :  all  his  works  are  fiampd 
with  the  chara*5lera  of  the   infinite   perfeQions,  and 
overflowing  goodnefs  of  the  Author,     He  has  givra 
toman,  and  to    him  alone,   a  capacity  to  be  cnicr- 
tained  with  the  magnificence,  the  beauty,   the  har- 
mony, and  the  order  of  the  univtrfe  ;  and   has  fo    ! 
moulded   bis  heart  and  fpirir,  as  to  make  pleafunc 
attendant  on  admiration,  and  love  and  gratitude  the    j 
necclT^ry  companions    of  the  fenfe  of  favours  re* 
reived* 

Let  us  then  praife  the  God  of  heaven,  from    | 
\»hotn  we  have  received  fo  much,  whofe  mercy  is 
extended  over  all. 

l^t  every  thing  that  hath  breath  praife  him; 
and  let  man,  the  priefl  of  the  creation,  offer  up  a 
facrifice  of  thankfgiving  unto  the  Most  liicn. 
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